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PRETACE 
TO THE SECOND EDITION. 



The favourable reception which this Treatise has met 
witb, from the public having exhausted the first impression, 
and a Second Edition having hecome necessary, consider- 
able pains have been taken to render it still more deserving 
of patronage. The detailed accounts formerly given of 
some of the more obsolete engines have been abridged; 
and the descriptions of many other machines corrected, 
simplified, and made to agree better with the diagrams 
and plates. Regard has also been had to recent improve- 
ments. 

Wliat relates to the Governor has been materially alter- 
ed : and a simple method has been proposed which it is 
hoped will effectually do away with those incessant vibra- 
tions of the balls, which, it is well known, have hitherto 
so much impaired the efficiency of that important appen- 
dage of the steam-en^ne. 

Some of the objections and reasonings against rotatory 
engines have been a little moderated; not that I have 
anything to urge in their favour ; but because, in the ab- 
sence of perfect cert^nty, it seems premature to denounce 
(;very attempt in that department as absolute folly. 



yi PREFACE. 

Only a few years ha?e elapsed since it was as confident- 
ly maintained that steam would never impel a ship across 
the Atlantic. 

But the alterations and additions are too numerous and 
many of them too trivial to be all noticed here. The foot- 
notes, however, after page 17 are all new. Perhaps it is 
still necessary to crave the same indulgence from the reader 
as is done in the preface to the first edition. 

It may be proper to add that various other particulars 
connected with the subject will be found in the articles 
Steam and Steam Navigation; which, besides forming 
parts of the Encyclopaedia, have been published tog^ 
ther in a separate voluma The like may be said of the 
article Railways. It is also principally in these depart- 
ments that the more recent improvements connected with 
steam have taken place. Descriptions of the latest will be 
found in the scientific journals. 

Henry Meikle. 

Edinburgh, April 1846. 



PREFACE 
TO THE FIRST EDITION. 



The artjcles Steam and Steam-Enoine in the former 
edition of the Encyclopedia Britannica were written by 
T)r RoBiBON, who had been the early companion of 
James Watt, and thus became the historian of his 
acbievoments, the expounder of inventions of which lie 
had closely watched the ori^n and progress. His arti- 
cles are distinguished by that cleamesa ol' conception, 
closeness of reasoning, and gracefiilnesa of style, which 
entitle him to be ranked among the soundest and most 
accomplished of those authors who have contributed to 
the advancement of mechanical science. These articles 
have long formed the standards of our knowledge, and 
are still the fountain-head to which we resort for intbr- 
tnation. To Sir David Brewster we are indebted for the 
publication of certain contributions to these original arti- 
cles which have enhanced their value : to his edition of 
"Dr Robison's works, Mr Watt himself undertook to con- 
tribnte notes and additional matter, and thus became at 
once the historian of hia own inventions, and the com- 
tnentator on the writings of his early friend. 



Thua, the friendship of these two distinguished indin 
duals, commencing with the warmth of youthful cum|M 
nionahip, and continuing through all the vicissitudes i 
their live§, is embalmed in these their joint contributin 
It appeared to the writer of these pages, that he c 
not better discharge the duty devolved upon him, 
accepting the responaibility of the articles Steam an 
Steam-Engine, in the seventh edition of the Encyclt^ 
dia Britannica, than by retaining as much of those ( 
ginal contributions of Robison .and Watt as could c 
sist with the present advanced state of knowledge ( 
practical art. Considerable portions of them are, thet 
fore, presented to the reader as they came from the peOT 
of Robison and Watt, and to these valuable gema his 
own contributions serve only as the mere " setting" re- 
quired to connect them witli the now extensive structure 
of practical science. 

In the joint Uvea and labours of Robison and Watt, 
we open one of the brightest pages of the " friendships of 
philosophy" — Intellectual prowess was in them remark- 
ably conjoined with the virtues and amiabilities of social 
life, and it is difficult to say, whether we more admire the 
philosopher, or love the man. Akin to these feelings ap- 
pear to have been the sentiments with which through life 
they regarded each other. Fortunately, tbe records of 
these sentiments still esist in notices written by them- 
selves. Robiaon's sketch of Watt is already before the 
public ; but we have now the pleasure of presenting to 



•ur readers, a companion sketch of Robison drawn by 
Wall himself, which we owe to tlie kindness of Sir John 
Robison, and which in April 1805, was addressed by Watt 
'o tile widow of the friend of his youth. 



Mr Watt's Sketch of Dr Robison. 

' Our acquaintance began hi 1756-7, (Mr Robison 
I beiDg then 17,) when I was employed by the University 
Glasgow to repair and put in order some astrono- 
""cal instruments bequeathed to the University by Dr 
™acfarlane of Jamaica — Mr Robison was then a very 
™ndsome young man, and rather younger than me, 
"^ introduced himself to me, and I was happy to find in 
"'ID a person who waa so much better informed on raa- 
"'etnatical and philosophical subjects than I waa, and who, 
***'le he was extremely comraunicative, possessed a very 
*^'ear method of explaining his ideas. Between two young 
^en of ardent minds engaged in similar pursuits, a friend- 
^'p was soon formed, which has continued until death 
"^ deprived me of my friend, and has suffered no other 
'nterruption than what has been caused by our absence 
-from each other, and the necessary attention to our re- 
stive duties in life. Soon after this, I settled as ma- 
il instrument maker in the College of Glasgow, 
*»^ was favoured with Mr Robison's company until he 
«ft the college about the end of 1758, and went to sea— 



Ibeliev 



n one of his Majesty's sb'ps. 



"During this period, he turned my attention t 
steam-engine, a machine of which I was very ignoi 
and suggested that it might be applied to giving n 
to wheel carriages, and that for that purpose it would 1 
most convenient to plaee the cylinder with its open ( 
downwards, to avoid the necessity of using a working b 
The latter idea he had published some time before ii 
Universal Magazine. — In consequence, I began a i 
with two cylinders, of tin plate, to act alternately by mee 
of a * " * acting on two pinions attached to the a 
the wheels of the carriage ; but the model being slig] 
and inaccurately made, did not answer expectation, 
difficulties presented themselves ; both Mr Robisoa i 
myself had other avocations requiring our attenti* 
and neither of us having then any idea of the true p 
ciples of the machine, the scheme was dropped. 
ever went on with some detached experiments on s 
until 1763, when I set about the matter more seriot 
and discovered the principles upon which my i 
ments on the steam-engine were founded." 

Beade this we place the following extract from AragoV 
Eloge of Watt ; being- 



Da Kobison's Sketch of Yoitng Watt in Hib 
Workshop. 

" When I was as yet a young student, I had the v, 
to think myself a pretty good proficient in my favoi 
studies of mathematical and mechanical philosophy, 



a being introduced to Watt, was rather mortified at find- 
tag tiim so much my superior. Whenever any of us 
aimbled on a difficulty, we weut to Watt ; he needed but 
to be prompted ; every thing became to him the begin- 
>ing of a new and serious study, and we linew that he 
fould not quit it till he had either discovered its inaigni- 
3ancy, or made something of it. . . . On one occasion, 
ire solution of a problem aeemed to require the perusal of 
jeapold's Theatrum Machinarum — and Watt forthwitli 
earned German ; at another time, and for a similar rea- 
'D, he made himself master of Italian. . . . when, to the 
•uperiorify of knowledge which every man confessed, is 
*dde<i the naive dmplicity and candour of Mr Watt's cha- 
(acber, it is no wonder that the attachment of his acquaint- 
i was strong. 1 have seen something of the world, 
aiid am obliged to say, I never saw another such instance 
^ general and cordial attachment to a person whom all 
actnowledged to be their superior. But this superiority 
*4s veiled under the moat amiable candour and liberal 
lillowance of merit to every mau— Mr Watt was the first 
to ascribe to the ingenuity of a friend, things which were 
very often nothing but his own surmises, followed out and 
embodied by another. I am well entitled to say this; 
wing often experienced it in my own case." 
Below this sketch Mr Arago has written a note, to 
ich we shall every one subscribe : — " It is difficult to 
ietennine whether the honour of having uttered these 
I words is not as great as that of having inspired them" 
and, with both sketches before us, we are equally left in 



doubt whether each were not fully entitled to all the B 
comitimB hb fiiendabip has passed on the companion of 1j 
youth and the unchanged friend of declining age. 

In the present articles, it has been the author's aim 1 
add to all that Bobiaon had originally said of Watt's ^ 
ventJon, what he would have required to add had he liw 
to witness its present extended use, its multifarious appfl 
cations, its varied forms, its modifications in materials a 
constructiou. In all else — in principles, in useful effec 
little has been added, though much has been changed s 
the machine came out of the hands of the original ioT* 
tor. The author has to regret the inadequacy of his v 
to the design which he had formed, and its defects, e 
when compared with his own standard of excellence, 
fortunately the duties of a laborious profession allow 1 
little leisure for literary exertions. He has however a 
deavoured to place before the reader, in a ample i 
all the most important information which many 3 
research and of practical experience in a favourite suhjei 
have placed in his possession ; and the reader who if 
miliar with the subject will readily discover that he 1 
read and thought for himself, and that his errors. If n: 
are at least his own. In one point he trusts he has £ 
tated the progress of the student While ^ving the f 
neral reasoning of complex calculations, he has end< 
voured to disembarrass them as much as possible of i 
parade of calculus which exhibits the author at the expe 
of the reader ; and rather to present their results ii 
tjtmple form in whicti alone great truths present themi 



» Aose (fho thoroughly understand them. In treating 
3|» eileaaive subject in a limited space, he ha^ also pre- 
I ferred to present general truths, rather than to enlarge 
*ipoii minute details and multifarious definitions, which of- 
ten lead the reader to imagine he understands a subject 
^teo he only remembers the technical phrases in which it 
conveyed, having acquired nothing more than that spe- 
ies of mere word knowledge deplored by Bacon— 



"Qui 



vocea iTtiB liabeant ic 
exiitimentiv." 



It is further necessary, that the intelligent reader who 

pwisll happen to compare these articles with any other trea- 

s that may have recently appeared, should be apprized 

at a great part of them was written a considerable time 

*go,and that the commencement was actually in the press 

I two years before the present date of publication ; its alpha- 

T Wtical place in the Encyclopa:dia, and other impediments 

having delayed its appearance till now. 

The author would be unjust to the editors of the Ency- 
clopedia Britanniea did he not acknowledge the benefit 
this article haa derived from their supervision. The mul- 
I ti&rioas duties of his profession, and prolonged absence 
lome and on the Continent, have in a great measure 
1 his own supervision of the press. To them be- 
lt once the merit and the responsibilities of the ac- 
Fth% editorship of these articles. 

The application of the steam-engine to locomotive pur- 
I poaes has already been treated in the article " Railways" 
a the preceding volume of the Encycloptedia. 



THE STEAM-ENGINE. 



It is a singular peculiarity in the history of the ateam- 

ngiiie, that, ever since the period wliich eshibita the eaiv 

nest tracea of its origin, it has continued slowly and grai- 

advance towards maturity, though uot yet, per- 

laps, at ultimate perfection. Our knowledge of the pro- 

lerties and powers of steam, and its agency by machinery, 

bffera widely from the progression of many other arts and 

mowledge. In the earlier ages of Egyptian science, it 

pppears to have played its part in adding to the imposing 

i of those stupendous inonunients of absolute power 

phicb the storms of many ages have failed to obliterate. 

R the more refined days of Greeoe, steam appears to have 

JMnistered to the elegance of Attic luxury and the delur 

ms of idolatry ; and to have become extensively known 

intil the destruction of the Alexandrian schools dispers- 

li those seeds of science which the flames of its bbrtiry 

B spared to Western Europe ; and there, imbedded in 

e ruins of learning during the dark ages they lay pre- 

rved, but fruitless, among the other relics of the middle 
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ages ; and when at length the light of knowledge a 
dawned on Europe, the science of the Greek philosopbers I 
was exhumed from the rubbish, and became widely diffus- 
ed by the agency of the press. In this manner the ancient 
work of Hero on I^eumatics and Steam MacJiinery reap- 
peared as one of the finest and earliest specimens of the 
art of printing. Since that time, the science of steam, and 
the art of constructing the steam-eng^e, have made slow 
and regular progress, until thb useful work of many hands 
has attained a prominent importance in the interests of 
mankind, and may perhaps be an' element in the future des- 
tinies of the world. In this remarkable course, centuries 
ha^e added their contributions to the elucidation of its prin- 
ciples and the perfection of its mechanism ; but no great 
revolution has ever thrown back this important machiae, 
so as tfl give occasion for reproducing it ^ 

The progress of the steam-engine has kept pace with 'i 
the progress of the human mind in physical truth. Thn 
same phases which have been severally presented, st 
widely separated epochs, by successive inventors, are the 
very phases of gradually growing knowledge by which the 
mind does most naturally and profitably proceed. Of 
80 large a subject, one part only can he studied at a liioe. 
We shall therefore divide this treatise into two parts: 
the first conlainmg a description of the steam-engine, aud 
the elucidation of its principles, in historical order ; the 
second forming a description of the fiinctions and parts of 
the modern steam-engine. 
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^jxr L — HiBToaiCAL Description of the Steam- 
■eniE. 1, The Era of the Amcients, 2. The Era 
"WoECESTER. 3. The Era of Watt. 

1. The Era of the Andenls. 
The knowledge which some of the ancients poBscssed of 
e constitution of steam is remarkably in accordance with 
toe recent conclusions on this species of matter. Steam 
U DOW icnown to be only one of the common aira or gases 
*liich, nnder one state of temperature and of pressure, ae- 
nnne a liquid form, and under another become solid ice. 

Matter is known to exist in four conditions — solid, li- 
^wd, aerial, and etheriaL Earth and stone arc exemplars 
•f solid matter ; water and mercury of liqiiid matter ; the 
■taiosphere, and smoke, and steam, of aerial substances ; 
t, light, and electricity, of etberial matter. It is further 
ffobable that no kind of matter exclusavely possesses one 
Htlicse conditions as its distinguishing property, but that 
Ul may, in certain circumstances, assume different con- 
ditions. Stones have been melted by the action of heat 
Mdw pressure; and iron or lead, though usually so- 
li may be presented in the liquid form ; and the earths 
tare likewise assumed the form of liquids when the con- 
rivance of the chemist haa succeeded in placing them in 
fipropriate circumstances. Neither is water essentially a 
iqnid, for, when frozen, it becomes a solid, with which we 
■ay construct houses, bridges, uten^ls, and even floating 
Inictures ; and on the other hand, it is sometiniea redu- 
l into the vaporous or aerial form, as when water in a 
od, acted on by beat, is wholly dissipated and dispers- 
io an mvi^ble form in air. 



b 



THB STEAM-EHOTNE. 

It \a also to be observed, that the condition of a body 
may be changed by tlie agency of heat. Solid ice, solid 
mercury, or solid lead, by the addition of heat, are con- 
verted into liqiuda or are melted ; and then form liquid 
ice, (called water,) liquid mercury, (called quicksilver,) 
and liquid lead, (which has no separate name.) If to the 
liquid thus produced from the solid we add a ccrt^n other 
portion of heat, which will separate its particles still fur- 
ther from each other, the matter thus diffused through 
more ftxtendcd space becomes reduced to the aerial con- 
dition of steam, of mercurial or lithargical gas, or trans- 
parent vapour. But still the matter has undergone no 
constitutional change. It is only necessary to remove the 
heat, and the particles will again come together and re- 
sume their primitive form. By cooling down the aerial 
^as into which the matters had been dissipated, or even by 
compressing them, so as to contract them into their ori- 
ginal bulk and bring them together into their original 
proximity, the particles will again resume their pris- 
tine form, the vapours will respectively appear as drops of 
liquid water, mercury, or lead, and those liquids being 
farther cooled will congeal into the original solid masses. 
Some of the most refractory gases have actually been found 
to obey this law, and prolmhly every substance in nature 
may be susceptible of each of these forms. 

Tlie following passages, taken from the TimtBus of 
Pi.ATO, present a remarkable accordance with these en- 
larged views of the constitution of steam and other gases 
— " Let us therefore speculate concerning the nature and 
properties of fire and water, air and earth. This is the 
more arduous, because it is necessary to call into question, 
concerning each and all of them, whether they should be 
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fcnominated liquid rather than etberial, or aerial rather 
fiian solid ; or why any thing should have one of these ap- 
pellations rather than all. For, in the first place, that 
thichwenow call 'water,' being congealed, becomes (hard) 
•s a Btone or earth, but being melted and dltfiised becomea 
gas or air,and thb inflanied becomes fire, and fire extinct be- 
'<oaies again congregated into air,and air collected and con- 
Beaaed forms mist and cloud, and these again, more com- 
ifresBed, form water, and from the wat«r earth and stone 
*fe reproduced. And thus they, in an endless circuit, pro- 
iiice each other. Since, then, these now appear to be the 
Qe, who will assert that one of them is of the one kind 
Mher than the other ? It is moat aafe, therefore, to apeat 
ius: that the thing we see is not abaolute liquid, but 
mething in the liquid state. That air is not necessarily 
B gas, but something in the gaseous state ; not as being a 
particular thing of this or that specific nature, but that it 
I* in such and such a condition. 

" Let us then tUstribute the four modifications of mat- 
ter into fire, earth, water, and air ; and to earth let us 
n an entical fwrn, for it is the most immovable of 
ill these kinds — to water that which is less movable than 
the other three — to fire the most easily movable form — 
uid to air that which is intermediate." 

It appears to ua highly probable that the ancients knew 
more of the phenomena of steam than has been generally 
«draitted. One evident cause of this mistake is, tliat no 
ipecific term equivalent to the word steam was gene- 
ally used by them ; and water, when heated, was said 
9 be converted Into an air. It is now almost perfectly 
Btabllshed that steam is an air, (or gas,) invisible and per- 
fectly transparent, differing in none of its mechanical pro- 
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perties from common air or gas, and in no respect diflBJ- 
milar to carbonic and other gases or airs which, at certain 
temperatures and pressures, do, hke steam, leave the elas- 
tic aerial form and become liquid or solid. Many of the 
phenomena, therefore, for which the ancients use the word 
air, are effects of steam, or of steam mixed with air ; and 
although they have not always carefully distinguished 
these separate effects, yet they have frequently made judi- 
cioiis use of them. While, therefore, Jt would be wrong 
to draw any parallel between the want of iudividnalizadon 
manifested in their writings, and the high generalization 
of modern science, it would he equally wide of truth to 
deprive them, as has sometimes been attempted, of the me- 
rit of having discovered and used aorae of the properties 
of water in the aerial state, simply because they supposed 
it rarefied into an air, and confounded its phenomena with 
those of other gases, which, mixing with it, also contributed 
to the effect— as when wc find that air rarefied by heat, 
and water rarefied into air, are mentioned. 

Hero of Alexandkia, in his Pneumatics, has collected 
the science and inventions of the ancients, along vrith 
some of his own, into a systematic treatise, written in 
Greek, more tlian 120 years before the Christian era, some 
passages of which are identical with portions of modern 
treatises on pneumatics ; and many portions of his appa- 
ratus may be found transformed into modern experimental 
models iu cabinets of the physical schools. Thus in the 
introductory portion of his work, we have such stataments 
as these •.^iVaicT is transformed into air hy the action of 
fire. For the vapours of boiling caldrons are nothing eltt 
than attenuated moisture expanding into air. Indeed, by 
the four elements the ancients appear to have meant tite 
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ich we now designate by different terms. 
We comprehend all the material agents witli which we are 
•cqo^nted under the four great designations, solida, li- 
Hwiis, air, and ether. So exactly had the ancients their 
If and aq|, tiiitf, and jt, to which they assgned diderent 
^003 according to their weight ; first, the solids or earth, 
tten the liquids aboTC, next the aerial covering, and finally 
Mie region of eth&r extending indefinitely beyond. The 
stodems have shown that all bodies are probably culpable 
of assuming any of the three states, and becoming aohd, 
Itjoid, or fluid, according to the circumstances ia which 
Vuy are placed ; and we have every rea£on to believe that 
Timsus, of whom Plato speaks witi so much reverence, 
•Wertained the same idea, and believed that even the air 
•Jght assume the state of a crystalline solid. It is not s 
Wtle curious to find the late eminent mathematician, M. 
^«S8on, giving it as a result of his calculus, that the air 
t a great distance Irom the earth is actually frozen into 
* crystalline solid by the estreme depre^on of tempera- 
^'ire. He was probably not aware that his noticu had been 
Anticipated more than 2000 years. In this same work of 
Hero, we have descriptions and explanations of apparatus, 
■1 which fire acting on moistiu'e and dr is made to pro- 
le phenomena of motion. He does not arrogate to him- 
!f the merit of these inventions, but has given them as 
ctpally a collection from the works of others who had 
5 preceded him. 

His Pneumnlks commence with a lucid and excellent 
iaertation on the properties of mr as a medium for the 
■Dtauoication of pressure and motion, and especially 
ion the nature and cflects of a vacuum, subjects to be 
borougbly understood by all who would master the theory 
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of the steam-engine. It is, indeed, as the means of pro- 
ducing a vacuum, that eteam obtains much of its value as 
a mechanical power. The mode of raising water by a 
Tacuum is thus described by him : — " When they wish 
to fill with water the round medical '''*' '■ 

glasses which have slender long \ 
necks, they suck out the air which J 
IB contained !n them, and, clo^ng / 
the orifice with the finger, they in- 
vert them in the water, and on 
removing the finger the water is drawn up into the va- 
cuous space, in contradiction to the usual law of fiuidfi." 
He then proceeds to state that, ** in like manner, air may 
be rarefied by heat eveo as other substances are ; for 
water is changed by fire into mr, the vapours from 
boiling caldrons being notliing else than expanded water 
taking the form of atr, and that mists and clouds are 
nothing else than water raised in the air by heat, which 
are partly afterwards converted into air, while portions 
again descend in rain," 
He also attributes the 
origin of winds to the 
" expansion and con- 
traction of air and ~ 
moisture by the alter- 
nate heating and cool- 
ing produced by the 
sun's rays;" and illus^ 

trates the conversion of liquids into air or gas by the o 
mon observation, that, after a lamp has gone out, the i 
pour continues to rise up by the heat still left in iti 
the fiame. Thus also, says he, a phial being filled n 
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located air and inserted in water, this air contracting will 
■draw up water into the phiaJ. Hence, he argues, that 
^1 me consist of inconceiT- Fig. 4. 

*Ij small particles of matter, 
*ween which there are left 
spaces, so that, 
^bile the matter itself is in- 
the volume oc- 
upied by the aggregate may 
incre&sed and diminished, 
nd the air rarefied and con- 
* oeiised either by external force 
*"■ the action of heaL 

"Xhe following description of 

r in which the force 

ing from a boiler, 

vt^y be applied to support a 

' weight, is given in the Pneuma- 

1^=*- " A boiler perforated on 

*"e top, is placed on the fire. From the perforation there 
foceeds a tube, on whose extremity is fixed a hollow he- 
loisphere perforated in liJte manner. If then we T)lace a 
1 light ball in the hemispherical cup, it will follow that the 
1 vapour rising up from the boiler through the tube will 
I support the sphere, and it will appear to dance." 

There is another apparatus in the Pneumatics for pro- 

dtimig a revolving motion by the action of steam — " by 

a caldron placed on a fire tJj give motion to a sphere 

I iriRind its axis. Let a boiler be set on the fire, and nearly 

I filled with water, and let its mouth be closed in by a cover, 

Kind let it be pierced with an opening through the bent 

tube, whose extremity exactly fits into the hollow sphere. 
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. But at the opposite extre- 
mity of the diameter let 
there be an iron axis sup- 
ported from the top of the 
cover ; and let the sphere 
have two bent pipes at the 
enda of a diameter perfo- 
rated along with it, and /g 
bent round in opposite di- 
rections ; and let the bend- 
ings make right angles and 
be in the plane ppqiendi- 
colar to the axis. Then it , 
will follow that, on the boil- 
er being heated, the vapour 
rusbiDg through the tubes into the sphere will rush q 
through the reversed pipes of the hall, and whh-l it oafl 



The same apparatus, on similar principles, is nest | 
plied by Hero to the construction of a machine still i 
curious. The agent mentioned in this case is 
although the action is of precisely the same nature, 
the science of the philosopher appears to have been dej 
ed to assist the priesthood in deceiving the populace byj 
resemblance of miraculous interference. " A fire t 
been kindled upon an altar, living figures will appea 
lead a choral dance, even although the altar itself I; 
transparent glass or horn. Through the epipyrus a | 
is to he let down to the base of the altar, where it is 
Yoive on an iron pin, the other end being pas 
a tubular fitting attached to the epipyrus. And this | 
ia to have other little cross pipes attached to it, and p 
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s to communicate with it, (which are to radiate 
ppmte to one another arouDd it,) and turned alternately 




Opposite directions in the ends. There shall likewise 

> drum attached to it, upon which the figures of the 

imce are to be set Then, by the action of the kindled 

ibe, the air, being warmed, will proceed into the pipe, and 

ra it being driven out through the bent tubes in the 

se of the altar, will turn round the pipe and its drum." 

The following is probably the most excellent of all 

Hero's apparatus, inasmuch as in it steam is employed 

^vadug a Suld, and transferring it from one place to 

itber. The design of the apparatus was still, unhappily, 
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to aid superatitiouB worship, " The fire of an altar having 
been lighted, two figures of hving things are to assist at 
the sacrifices, and the figure of a dragon is to sibyllate," 
(or give forth sounds to be interpreted as oracles.) 

There is to be a hollow baas or pedestal a f3, (fig. 7,) 
upon which is set the altar y, fw- 7- 

having a. tube I i descending 
to the middle of the basis, and 
there separated into three 
branches ; the tube i ^ passing 
to the mouth of the dragon, 
the tube s d « being carried 
to the vessel % \ containing 
wine, and placed at the top 
, of the figure /i, and accurately 
joined into its cover ; and into 
the third tube e * j, which, h 



Iike<« 



into f. 




another vase holding wine, and is also accurately united 
to the top of the vase. Both ends of the two vases are 




to be carefully closed. There are to be in both the wine 
vessels bent syphons j n r «, of which the one extremity is 



J 
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1 the wine, and the other extremities, proceeding by an 
opening rendered perfectly close through the covers of 
■he vases, are conducted to the hands of the figures offi- 
aating at the sacrifice When, therefore, you are about to 
(acrifice, yon must pour into the tubes a few drops lest 
hey should be injured by beat, and attend to every joint 
B6t it leak ; and so the beat of the fire, mingling with the 
rater, will pass in an aerial state through tbese tubes to 
B vases, and, pressing on the wine, make it pass through 
be bent syphons, until, as it flows from the hands of the 
iving creatures, they will appe.ar to sacrifice as the altar 
lontinues to burn, and the other tube being carried to the 
ttoath of the dragon, will make it give forth abylline 
oonda." 

There is considerable reason to suppose that, to their 

knowledge of the elements of machinery, the Egyptians 

added some acquaintance with the power of steam, applied, 

however, only to the degraded service of superstition. The 

statue of Memuon is said to have emitted sounds which 

Paiisanias compares to those produced by the snapping of 

ttie strings of a harp. Strabo expressly states that he 

WrJ them ; and Philostratus states, that when the anu 

one strongly on the statue, sounds issued from its mouth 

sunilar to those of a stringed instrument Hero of Alex- 

s PammaticB, Salomon de Caua in his Raisom 

ees Mouvantes, Athanaaius Kircber in his (Edipns 

and Cribellus in his Machhiosu Miracula 

', have all explained in different ways the mecha- 

jnical arrangements by which effects of this kind might 

I We been produced from the steam raised by the heat of 

I tke sun in close vessels concealed in the statue, and 

with organ pipes of different kinds. 
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The Romans appear to have done little for the meaia- 
nical arts, and nothing for the improvement of Bteam ap- 
paratus. It was not until the dawn of knowledge succeed- 
ed the darkness of the middle ages, that the light reflect- 
ed from the works of Hero, and the older mechanicians, 
rekindled the flame of meehaniral invention. The works 
of Archimedes and of Hero were read with great avidity, 
and formed some of the most popular productions of the 
young art of printing. The flame seems first to have been 
lighted in Italy, for we have editions and translationa of 
HeTo'sPnejimatics rapidly succeeding each other ; the Bo- 
logna edition of 1547, translated hy Giovanni Baptista 
Aleotti, was reprinted at Ferrara in 1589; Coramandine's 
translation was puhlished in 1575, Alessandro Giorgi'a in 
1592. There were other editions of less note; and thus 
in a angle century eight or nine editions were issued. It 
was not to be expected that tlie seeds of mechanical 
knowledge, so widely sown, should not, fall on some rich 
soil, where they should bring forth fruit with increase. 

Giambattista della Porta was one of the ablest and most 
ingenious expositors of the principles of pneumatica. A 
work which he published on this subject contains the fol- 
lowing passage : — " Make a box of glass or tin, having at 
the bottom an aperture, through which is inserted the neck 
of a distilling flask, containing one or two ounces of water, 
and let its neck he cemented into the bottom of the box, 
that there be no escape. About tbe bottom of the box 
let there rise up a pipe at such a distance from the bottom 
as to permit the water to escape, which pipe passing 
through the cover shall rise a little way above its surfoce. 
The box is to be filled with water by an aperture which ia 
to be well closed, so that no air may pass. Finally, place 
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tbe said bottle qd the Ore, and heating it slowly, the water 



fl ^''^ gradually dissolved into a 



, will 



press upon the 



n the case, and pressing with great force upon the 
water which issues through the pipe (the steam,) will not 
make its escape. And if we continue the application of 
bwt, the whole of the water (in the flask) will be at 
Uft eshansted ; and while the water is evaporating, the 
sir (vapour or gas) will constantly press on the water in 
•he Tessel, and the water will continually issue out. The 
*xiaiation being finished, if you will measure bow much 
"atw is out of the bos ; that which is in the place of the 
water gone out, will give the measure of the remaining 
■Mct, Thus you find, trom the quantity of water used, 
W much water was dissolved into so much air. And, in 
like manner, also, you can measure into how much of 
more rarefied air, air of the ordinary dendty can be dia- 
lolved."* 

Here we perceive that the kuowledge of the conversion 
if water into air or gas, taught by Hero's Pneumatics, was 
itself in that country, and leading to further 
itrivances ; and we have also a beautiful and simple ex- 
it, designed for determining the philosophical qnes- 
I, which formed an interesting subject of research at a 
f recent period of physical enquiry, " how much aque- 
vapouris formed by a given quantity of water?" The 
Method is not perfect, for a considerable part of the va- 
jAOr would be reconverted into water in the progress of 
he experiment ; yet it shows an acquaintance with the 
t, that water heated by fire is converted into aqueous 
with sufficient force to raise water above its level, and 

• J. B. ParLffi PneumBticorum libri ilea. Neapoli, 1601, 4iu. 
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form a running stream, although, iu this case, of no very 

considerable height. 

The spirit of invention, aroused by the first translation 
of Hero's works, did not confine itself to the country in 
which these works were first disseminated, but spreading 
gradually northwards, displayed itself in the works of an 
architect and engineer, Salomon de Caus, who had come 
to England in 1612, and was employed by the Prince of 
Wales, afterwards Charles I., to deagn grottoes, fountains, 
and other hydraulic ornaments, for the embellishment of 
the prince's palace at Richmond, and for the gratifioation 
of his "gentille curiosite." These, with other machines, 
were published by him in a work entitled " £m RaUom 
ties Forces MouvanUs, avec diverses machines tant utiles 
i[ue plaisantes ; auxquelles sont adjointes plusieurs desseins 
de grottes et fontaines, augraentees de plusieurs figures.'' 
Frankfort, 1615, fol. 

The work of de Caus is prefaced by an exposition of 
tbe principles of hydrostatics and pneumatics, evidently 
derived from the writings of Archimedes and of Hera 
Among other things, he states that the violence with which 
water is dissolved into air by means of fire is very great, 
and that a ball of copper containing water, if placed on a 
fire, would certainly burst ''I^a violence est grande 
quand I'eau s'exbale en air par le moyen du feu . . . li 
eat certain que si I'on met la dite balle sur un grand feu, 
en sorte (JVi'elle devienne fort chaude, il ae fera une com- 
pression si violente que la balle crevera en pieces." 

He afterwards shows how a jet of water may be made to 
rise above its level, and play in the air by means of fire, 
A copper ball A, (fig. 9,) has an orifice D, at wliich wa- 
ter is poured in, and it is then closed with a stop-cock. 
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Jiother tube, B C, ia closely fitted to the same ball, but 
s down near to the bottom, where it la open in the 
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iirater ; the pipe terminates above in an orifice for a small 

f water, which is regulated by a stop-cock. In fact^ 

I the apparatus is precisely that which Hero uses for raising 

la jet of water, but without the aid of beat, when he forces 

lair above the water, till it raises a jet of water by its pres- 

f, (as exhibited in fig. 10.) Of course, the heat pro- 

s the same elastic force in De Caus's machine as the 

mpresaion of air does in Hero's. 

There seems no reason to doubt that Salomon de Caus 

3 a Frenchman, and he is said to have been a native of 

Normandy.* In dedicating his work to the French mo- 

rch, he describes himself as one of his subjects After 

saving England he settled in Germany, where the Elec- 

r Palatine intrusted him with the superintendence of his 

dldings and gardens. He finally returned to France, 

1 died there about the year 1630. He has sometimes 

1 confounded with Isaac de Caus, a, native of Dieppe, 

nd a descendant of the same fiimily, who published 

■ Biographie Universelle, lom. vii. p. 133. 
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" Nmivelle Invention de lever I'Eau plus haut que i 
source, avec quelques raachines mouvantes par le moyen 
de I'eau, et un discours de la conduit d'icelc" Lond. 
1644, fol. This work contains many machines identical 
with those described by Salomon de Cans ; and the Mmi- 
larity of subject, treatment, and titles of the two, has led 
those into much confusion who may not have eJiamined 
both. Even the pains-taking and industrious Stuart seems 
to have been deceived, and calla Isaac's book a later edi- 
tion of Salomon's. 

The direct emission of steam from an orifice of the 
boiler, which had been nsed by Hero to snstain the ball in 
the air, was applied by Branca, an Italian architect and 
en^eer, to impress a revolving motion on the vanes of a 
wheel like a common mill-wheel, and this communicating 
with a series of toothed wheels gave motion to a series of 
peetlea in mortars. This and many other machines which 
he states he collected from the inventions of others, were 
published in a quarto volume entitled Le Machine. " Vo- 
lume nuoTO et dt molto artificio da fare effetti maravigliosi 
si tanto spiritaii quanto di antmale operatione : arrichito di 
belllBaime figure conle dichtarationi a closcuna di esse in 
lingua volgare et Latina, del Sig. Giovanni Branca, citta- 
dino B.omano, itigegniero et architetto della sta. casa di 
Loretto. In Roma, m-dcxxix." This period appears to 
have teemed with curiosities of mechanical invention ; and 
the learned virtuoso who would take the trouble of ran- 
sacking the mechanical productions of the sixteenth and 
Eeveuteenth centuries, would be able to collect materials 
for an interesting, curious, and amusing volume. Perpe- 
tual motions were very common ; wings for enabling men 
to dy in the air, mechanical chariota for a umilar purpoee, 
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s to the n 



finnreyanccs to the moon, and engines tor making conb- 
nu&l and cheap music by mills or by fire, for rocking of 
cradles and turning of spits, were favourite subjects of de- 
sign ; and many of these curious contrivances, without serv- 
ing any definite purpose, form elegant and curious pieces of 
apparatus. We are now pas^ng from the era of the cu- 
rioaities of mechanical contrivance, into that period when 
the same principles that actuated the toys of Hero and the 
Automata of Kircher were to be applied to move most use- 
Jiil machines for the advancement of the human race. 

2. TM Era of Worcester. 
Edward Somerskt, Earl of Glamorgan and Marquis 
of Worcester, invented and constructed the first steam-en- 
gine. His title to this honour has been the subject of dis- 
pute, some historians attributing to him a greater share of 
mmt than there was sufficient evidence to warrant, while 
others deprive him of even that honour to which he pos- 
.sesscs an indefeisible claim. His life is one of the most 
romantic ciiapters of English history. Enterprising, ge- 
nerous, disinterested, and confiding, he was first beloved 
«Dd then betrayed by his king, loaded with honours and 
reduced to poverty; at one time exerciang almost without 
control the functions of the sovereign, conferring dignities 
from the rank of marquis down to baronet, an<l at another 
thrown into prison, and begging from a creditor the paltry 
loan of five pounds. Possessing inventive genius of the 
highest order, he was considered a mad enthusiast hec&UGe 
luft qieculations were far in advance of the age in which 
be lived) and he has been set down a quack and impostor 
by men incapable of comprehending the nature or appre- 
dalJDg the value of his creations. The alow march of 
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knowledge and of Dme has at last revealed Ae worth, and 
established the character, of an illustrious and uofortu- 
nale man of genius, who only lived to complete his design 
and carry it liappily into effect. 

That the Marquis of Worcester was acquainted with the 
nature and force of steam, no one has ever disputed ; but 
it lias been matter of serious doubt whether the machine 
which he has described had ever any real existence. Hi- 
therto we have had nothing more than circumstantial pre- 
sumptive evidence of the actual construction of the mar- 
quis's ateam-engine. It is only a few years since the in- 
dustry of the indefatigable antiquarj- Robert Stuart baa 
presented us with an historical document of undoubted au- 
thenticity, affording undeniable proof of the existence and 
effidency of one of the engines of the iVIarquis of Worces- 
ter, of more than two horse-power, employed for rai^ng 
water on the Vauxhall side of the river Thames. As the 
marqnis's title to the invention had not been established in 
any of the numerous treatises on the steam-engine that 
had appeared previously to the former edition of this vo- 
lume, and as the proof we are now able to adduce must 
lor ever set at rest the querulous cavillings of those other- 
wise respectaWe writers who have attempted to controvert 
the great truth that the steam-engine is a machine wholly 
of British invention, we shall give a short account of what 
ttie marquis undoubtedly accomplished. 

We are principally indebted for our acquaintance with 
the mechanical inventions of the Marquis of Worcester to 
a very small work Jn which he published a list of one hun- 
dred of his mechanical inventions, under the title of " A 
Century of the Names and Scantlings of such Inventions 
as at present I can call to mind to have tried and perfect- 
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ed, which (my former notes being lost), I have, at the in- 
Ksnce oF a powerrful friend, endeavoured now, in the year 
5655, to set these down in aach a way as may sufficiently 
inatnict me to put any of them into practice." Lond. 
12Tno. Of this remarkable work there are several 
other editions. Before noticing the passages which have 
ioanediate reference to the bigh^ressure steam-engine 
'Kch he had invented and made, it may be proper to pre- 
lise, for the purpose of preventing the supposition from 
bHBgtntertiuned that *t was impossible to get devices of 
) complex a nature carried into effect at a period when 
le mechanical arts of construction had made so little pro- 
res, that he had constantly employed during thirty-five 
(ears, one of the most eminent artificers of the time, nara- 
Gaspar Kaltoff, and that he had provided him with 
tlible work-shops, tools, and machinery at an expense 
more than ten thousand pounds. It thus appears that 
i marquis was no mere schemer, but that he submitted 
I devices to the test of experiment ; and it is merely not 
tg the bounds of credibility to suppose, that, with fer- 
( resources, an active and rnventive mind, the best tools, 
* unparalleled " artificer, and the expenditure of great 
as of money, be had in thirty-five years constructed 
DhffieB of such perfection as no other artist of his age 
I accomplished, and few of the hangers-on of a royal 
irt fiould understand or appreciate. No one who is ac- 
iinted with the modern high-pressure steam-engine can 
to recognise it in the following specification, which, be 
obaerved, was given by the marquis rather for exciting 
tioaty than gratiiying it— for stating the capabilities of 
I eogiiie than for explaining its principle, which he wish- 
to keep eecret till be had obtained a patent 
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" Invention 68. — An admirable and most Jbrcible mcxsi 
to drive up teater byjire ; not by drawing or sucking it up- 
wards, for that must be, as the philosopher calleth it, ' iix* 
ira sphtcram activitatia,' which is but at Buch a distance, 
but this u!ay hath noboynder,if the vessels be strong enougk ; 
for I have taken a piece of a tchole cannon, whereof the eod 
was burst, and lilled it threeKjuarters full, stopping and 
filling up the broken end, as also the touch-hole, and mak- 
ing a constant ^re under it ; within twenty-four houri it 
burst and made a great crack : so that, having found B 
way to make my vessels so that they are strengthened by 
the force within them, and the one to fill after the other, 
I have seen the water run like a constant fountain forbf 
feet high. One vessel of water rarefied by fire driveth up 
forty of cold water ; and a man that attends the work ia 
but to turn two cocks, that one vessel of water being con* 
sumed, another begins to force and refill with cold water, 
and so successively." 

The internal evidence of the truth of this description ia 
too strong to be resisted. We cannot say what ideas it 
may have suggested to such a man as Lord Orford," who 
was probably as ignorant of mechanical principles as ba 
was devoid of candour and charity to a man of prindples 
and reli^on different from his own ; but to any one con- 

* It ciuuiot be denied that the marquis has givmi occasion fbr animid- 
veraian. Hia d»ign of having his machine buried mth him, woa yiA Eb 
a ehild wishing to sleep with its toy. But he appeals to have judged t»j ^ 
favourably (rf the credulity of hia readers ; as, fuc instance, when ba as- 
pectad them to believe that he bad " invented and perfected" a perpetnd 
motion. His account of tiiis, cspecioliy In some copies of his work,huBii 
parallel ibr inconsistency and absurdity. Yet he sajs be exhibited It ii 
operatjun baibie the kmg, tbo most of his court, and other great (KM 
V!hy did it not supersede the ateam-engino, and eveiy other moving pow' 
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it with the mechanical contrivances and treatises even 

of that time, it was scarcely poaable to read the sentence 

■ithout forming a distinct conception of a similur appara- 

to8 to that here described by the marquis. We shall see 

lliat the description was so perfect as to enable a subse- 

fueot mechanician to reconstruct the machine of the mar< 

\\m, ffith eome additions, and produce an effective machine 

draining mines. We see, too, how philosophical waa 

te process by which he advanced to the construction of 

lis machine. He made experiments of a conclusive na- 

Inre on the boundless force of steam. He found that the 

ly impediment to its use was the want of sufRciently 

ong boilers ; and his having found a way to make his 

isels 80 as to be strengthened by the force within them, 

rely shows that he overcame the difficulty of making 

un-tight joints by using internal flanges, which should 

t^hteued hy the pressure of steam within them. 

ere is also internal evidence of the genuineness of his 

cription of the quantity of water converted into steam 

the effect of reusing the water, — " one vessel rarefied by 

; driveth up forty of cold water," is a measure of the 

rer of steam far within the compass of its capability. 

en under most unfavourable circumstances, an unprin- 

led exaggerator would not have contented himself with 

is moderate statement of its actual power. 

Bnt we have not yet concluded the marquis's dcscrip- 

a of the nature of his stupendous prime-mover; for his 

in dwelling upon its principles, applications, and 

'ere, gradually became assured that his engine was to 

oroe the most important and powerful agent in the 

)le world, and appears, even at that remote era, to have 

uned a glimpse of the multifarious avocations and 
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powers of the modern steam-engine. He proceeds to de- 
scribe " an engine so contrived, that working the primum 
mobile forward and backward, upward or downward, cir- 
cularly or cornerwise, to and fro, straight upright or down- 
right, yet the intended operation continueth and advaii- 
cetb, none of tlie molions above mentioned hindering, 
mucli less stopping the other, but unanimously and with 
harmony agreeing, they all augment and cootributej 
strength unto the intended work and operation ; 
therefore I call this a semi-omnipotent engine, and do 
tend that a model thereof be buried with me.' 

" How to make one pound weight to raiae an hundred 
as high as one pound falleth, and yet the hundred pound. 
descending doth what nothing less than one humlrfld 
pounds can effect" 

" Upon so potent a help as these two last-mentioned 
inventians, a water work is, by many years' esporienee 
and labour, so advantageously by me contrived, that a 
child's force bringeth up, an hundred foot tiigk, an incre- 
dible quantity of water, even two foot diameter, so nstli- 
rally, that the work will Bot be heard into the nej^t room; 
aud with so great ease and geometrical -Eymmctry, though 
it work day and night from one end of the year to the 
other, it will not require forty shdlings' reparation to the 
whole engine, nor hinder one day's work ; and I may 
boldly call it the most stupendous work iu the whole world; 
and not only with little cliarge to drain all sorts of mine^ 
and furnish cities with water, though never so high seated^ 
as well as to keep them sweet, running through several 
streets, and so performing the work of scavengers, aa well 
as ftirnishing the inhabitants with sufficient water for their 
private occasions, but likewise su])ply rivers with sufficient 
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a maintaine and make them portable from towne to towne, 
and for the bettering of lands all the way it runs, with 
many more advantageous and yet greater effects of profit, 
admiration, and consequence ; so that, deservedly, I deem 
thia inyentioD to crown my labours, to reward my ex- 
penses, and make my thoughts acquiesce in the way of 
further inventions." 

ay one who is familiar with the advantages which 
^kas London derive at this moment &om having 
r raised up by fire and distributed through the 
Ptet houses for private use ; who has witnessed the in- 
edible quantity of water brought up by a Cornwall, or 
wcaatle, or Staffordshire steam-engine from enormous 
lis, by the descent of a piston not the thousandth part 
■eight which it raises through an equal height ; who 
served the elastic force of steam in a cylinder per- 
r ia any and every position its multiJBrious duties 
1 that a child's force is sufficient to control and guide 
t stupendous power, it mn^t he most obvious that we 
; only carried to perfection that engine which the 
rqtus of Worcester first conceived and made. 
Some points in the statement of the marquis, which had 
t formerly been noticed, have received considerable elu- 
[ nidation, by a manuscript account of his inventions, disco- 
L vered a few years ago by Mr Robert Stuart, and by an- 
other document, of no small importance in this question, 
which was brought to light by the zeal and industry of the 
aame wTiter, viz. a Diary of Cosmo de' Medici, Grand 
Duke of Tuscany, who visited England about the year 
1656, in which he g^vcs an account of the engine invented 
by the Marquis of Worcester, which he had seen in ope- 
I iBlioii at Vauxhall. 
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The Conden^ng Slenm-ETigine of Captain Saver}/. 

About thirty years after the marquis's death, which hap- 
pened in 1667, the condensing steam-en^ne was invented 
by an Englishman, Captain Thomas Savehy, and was by 
him introduced for draining mines, raising water for build- 
ings and gardens, and generating a revolving mechanical 
power. He exhibited a model of it to the Royal Society 
of London in 1699. (/"AtV. Trons. vol.xsi. p. 228.) We 
have seen that tlie marquis's model appears to have been 
placed on or below the level of the water to be raised, and 
that bis vessels being filled, their contents were raised by 
tlie elastic force only of the steam. Mr Savery, on the 
other hand, erected big engine at a height of nearly thir^ 
feet above the level of the water. A large close vessel 
was filled with steam ; this steam was reconverted, by cool- 
ing the outside of the vessel, into water, leaving the large 
space it had formerly occupied vacuous ; into this Tacanm 
water was raised, as into the vacuum of a common suck- 
ing pump, hy atmospheric pressure, and so within the li- 
mit of atmospheric pressure, r^sed twenty-eight or thirty 
feet. After this was accomplished, the water was further 
raised by the elastic force of the steam, just as in the en- 
gine of the MarquL} of Worcester. But the improvement 
was great The same force of steam, strength of vessels, 
and consumption of fuel whicli were sufScient on the mar- 
quis's plan to raise water thirty feet, would be capable first 
of drawing up the water thirty feet, and then thirty more; 
or doing double the work, or sisty feet of height on Sa- 
very's plan. This was certainly a notable im]>rovement 

There has been considerable discussion among the his- 
torians of mechanics regarding the merits of Worcester 
and of Savery. Those who have thought proper to prtusc 
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mVentive talent of tbe one, have thought it essential 
to their purpose to depreciate the merit of the other. We 
think their claims rest on independent grounds. The 
Marquis of Worcester expressly discWms the use of a vn- 
cunm, which, on the other hand, ia the distinguishing fea- 
ture of Captain Savery's, when he says, " not by drawing 
sucking it upward, for that must be as the philosopher 
calleth it, infra sp/ueram activttatis, which is but at such 
a distance ; hut this way (by high pressure) hath no boun- 
der, if the vessels be strong enough." It appears, there- 
to us, that the inventions were quite independent and 
different ; and we have no hesitation in admitting it as 
'exceedingly probable, that when Captain Savery added 
■the principle of lugh pressure to his own principle of a ya- 
rn from condensation, he was not uiiacquiunted with 
marquis's works, and even with bis engine for raising 
water by fire, for which be had obtained a patent, and 
which he had erected at Vauxhall. While we have thus 
•expressed our own opinion of the independence of their 
iims, we must not omit the opinions of others who lived 
arer to the epoch of these rival candidates. 
Dr Desaguliers, an eminent mechanist, and philosopher 
considerable reputation, has given, in his Experimental 
^iiosiiphy, vol. ii., an account of the " fire-engine," and 
after adverting to the claims of the Marquis of Worcester, 
makes the following statement in regard to Savery : — 
"Captain Savery having read the Marquis of Worcester's 
jbook, was the first who put in practice the raising water 
iby fire, which he proposed for the draining of mines. His 
described in Harris's Lexicon, (see the word En- 
GIHB,) which, being compared with the Marquis of Wor- 
description, will easily appear to have been taken 
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from him ; though Captain Savery denied it, and the bet- 
ter to conceal the matter, bought up all the Marquis of ' 
Worcester's books that he could procure in Paternogter 
Row and elsewhere, and bum'd 'cm in the presence of the 
gentleman, his friend, who told me tins. He said that be 
found out the power of steam by chance, and invented tbe 
following story to persuade people to believe it, viz., that 
having drunk a flask of Florence at a tavern, and thrown 
the empty flask upon the fire, he called for a basin of wa^ 
ter to wash his hands ; and perceiving that the little wine 
left in the flask had filled up the flask with steam, he took 
the flask by the neck and plunged the moutb of it under 
tbe surface of the water in the basin, and the water of the 
basin was immediately driven up into the flask by the pres- 
sure of the air. Now, he never made such an experiment, 
then, nor designedly afterwards, which I thus prove : I 
made the experiment purposely with about half a glaes 
of wine left in a flask, wliich I laid upon the fire till it 
boiled into steam ; then putting on a thick glove to keep 
the neck of the flask from bumin 
mouth of the flask Fig. u. 

under the water 
that filled a ba- 
sin ; but the pres- 
sure of the atmo- 
sphere was so 
strong, tliat it beat 
the flask out of 
my hand with vio- 
lence, and threw 
it up to the ceil- 
ing. As this must 
also bave 



me, I plunged Jj 
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nsde the experiment, he would not have fiuled to have 
told Huch a remarkahle incident,which would have emhel- 
&bed his Btory." 

We have performed the doctor's experiment frequently, 
with various results. If the mouth of the flask happens 
» be large and its neck short, the water very cold, and 
ibe flask very perfectly filled with steam, the effect is ex- 
ictly what Desaguliers describes ; for the vacuum being 
■nddenly and completely formed, the flask is first pressed 
down towards the basin, which the hand resists by sustain- 
ing the flask in the opposite direction, and just then the 
water rushes with great velocity up into the vacuum, and 
etrikiug on the bottom of the flask, now turned upwards, 
is apt to knock it suddenly out of the hand, especially 
when held merely by a soft glove. But if, on the other 
id, the flask has a narrow mouth and long neck, and if, 
when inverted, its neck be allowed to rest on the bottom 
«rf the vessel, and if the water in the basin he not very cold, 
t will rise slowly and gently, and the flask will be com- 
-pletely filled. 

The doctor's inference is not, therefore, perfectly just to 
Sa very, who, although be had read Worcester's hook, would 

I not find in it any such principle, but an express exception 
from it, as we have already stated. 
Stephen Switzer, author of a System of Hydrostatics 
and Hydraulics, published at London in 1729, takea a 
different view of the matter. In the chapter ■' On the 
Engine for raising Water by Fire," he gives the following 
aiccuunt of it : — " Amongst the several engines which have 
been contrived for the rising of water for the supply of 
hooses and gardens, none has been more justly surprising 
ihao that for the raising of water by fire ; the particular 
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contrivance and eole inveotioD of a gentletDan « 
I had the honour, long since, to be well acquainted — I 
mean the ingenious Captain Savery, some time since de- 
ceased, but then a most noted engineer, and one of ihe 
Commissioners of the sick and wounded.* 

*' This gentleman's thoughts (as appears by" a preface of 
his to a little book entitled The Miners' Friend) were al- 
ways employed in hydrostatics or hydrauUcs, or in the im- 
provement of water works ; and the first hint from which 
it 13 said be took his engine, was from a tobacco-pipe, 
which be immersed to wash or cool it, as is sometimes 
done. He discovered that the water was -made to spring 
through the tnbe of the pipe in a wonderful and surprising 
manner ; though others say that the learned Marquia of 
Worcester, in his Century of Inventions, {which book I 
have not seen,) gave the first hint for this raising water by 
fire. 

" It was a considerable time before this curious pereon, 
who has been so great an honour to bis country, could 
bring this liis design to perfection, on accoimt of the awk- 
wardness of the workmen who were necessarily to l)e em- 
ployed in the affair ; but at last he conquered all difficul- 
ties, and procured a recommendation of it from the Itoyal 
Society, {Phil. Travs., 252,) and soon after a patent frora 
the Crown, and I have heard hjm say myself, that the very 
first time he play'd, it was in a potter's house at Lambeth, 
where, though it was a small engine, yet it (the water) 
forced its way through the roof and struck up the tiles in 
a manner that surprised all the spectators." 

• Thia rendere it mote prolialjle that Savery had been sljled CsptUD 
from Ilia bmbg held sdme appointment in the puhlic service, tlian tint 
(oa Mme have canjeclured) he had been the Buperinteadeat of s milM^ ud 
10 called, a* is usual in Comwal!, a Captain. 
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" About the year 169 
treatise concerning this 
which I have just now mention- 
ed, wherein he has eshibited a 
draught of it ; but aa that con- 
asted of a double receiver, and 
8 great many particulars not so 
easy for a, learner at first sight 
to understand, I have, first ol 
all, inserted that draught of it, ' 
and the account thereof, which 
Mr Bradley, in his Gardening, 
has pven us of that at Cambden 
House, it being an engine of 
Savery'a own invention. | 
"A the tire ; B the boiler, 
copper vessel of a spheri- 
1 figure in which the water 
boiled and evaporated into 
ateam, which passes through 
the regulator C, which opens to 
let it into D the steam-pipe, of 
eoppar, through which it de- 
fends into E the receiver, which 
i a v^sel of copper also, that 
it first setting to work is full of 
lir, which the steam discharges 
liirough F the engine tree, and 
p the clack valve at K, and so 
le ^r ascends in L the force .,-^fcs=±ta-^'- 

** After E is void of air, which is found by its being hot 
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(with steam) all over, then atop the steam at G, and 6 
a little cold water on the outside of the hot receiver I 
aa to cool down the steam in the innde, and s 
resume the condition of water, learing E a. vacuum, into 
which the pressure of the atmosphere will raise a column 
of water through the sucking pipe G from H, the pond, 
well, or river. 

*' This bdng done, and the receiver now being filled with 
water, first turn C, and let the steam pass into the receiver 
E, and it will force the water therein through F by K up 
to L, which water cannot descend because of the clack 
valve L When E is thus emptied, which may be eaaly 
perceived by ita being hot, as before, turn C, and con- 
fine your steam in B, then open the cock M, which will 
let a little cold water on E, and that, by condenang the 
steam in E, will cause the water to ascend immediately 
from H and replenish E. Then turn C to let the eteam 
into E, and it will force the water out of it np L, into a 
cistern at O, placed at the top to receive it Then confine 
your steam at C as before, and turn M for the space of a 
second or two of time, and E will be refilled, and may 
again be discharged up L as before; so that this work 
may he continued as long as you please. The valves 
placed in the pipes at I and K arc shown on a larger scale 
at the side, and will enable the reader to see how they 
pemut the water to ascend, hut prevent its return by tiie 
weight of the water pressiing down the clack. 

It seems to us very probable, from the form of Savery** 
engine, that it was taken directly from that of a common 
drawing and forcing pmnp, with the substitution of the 
force of steam only for that of the pump piston. In Ejg. 
14, A B C D E F represent a common forcing pump, a& 
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I !□ the hydraulic works of that epoch, A' B' C D' 
E' F' are the parts of one of Savery's steam-pumps. In 
the case of the coiDmon pump, the aoUd piston or plug 
t C, exactly fitted to the cylindrical chamber at C, is 
breed down by the lever E upon the water in the 
^hamber C, which is pressed out through the pipe at the 




bottom, and being preyented from passing down to A 
by ite closing the valve B, is forced up through the open 
valve D, and raised towards the reservoir F. When the 
chamber C is thus emptied, the piston is again raised, and 
being so tight, tiiat no air can enter, the water is carried 



34 THE STEAM-ENG 

Up through the TaWe B, which only opens upwards, and 
thus the Yacuum at C is filled irom below, by atmoapho- 
ric pressure) with water, which is again to be forced back, 
by the descent of the piston ; but as the valve E closes by 
the pressure above it, and the valve D opens upwards, the 
water is forced upwards and delivered at F. Now instead 
of the solid piston of the pump, we have only to substitute 
the agency of steam, and we have Savery's machine. The 
close chamber C being conceived fiill of water, steam from 
the boiler is admited by S', and, by its elastic fcrcL-, de- 
presses the water at C so as to force it out of the recei- 
ver; and finding no exit by the closed valve B', it is 
forced through the rising valve D" towards the reservoir 
F' ; in these circumstances the little jet brought fi'om the 
- pipe E' is allowed, to throw cold water for a second or two 
on the close chamber C, now filled with steam, which is 
immediately condensed into the small quantity of water 
from which it was originally formed, and leaves a vacuum 
into whicli, as in the former case, water is carried up by 
the force of the atmosphere, so as again to replenish the 
chamber C, as at first, with water, which is in its turn to 
be acted on by the steam admitted through S', and forced 
up through D' F' to be delivered at F'. 

The reader who lias followed this examination of Sa^ 
very's engine in its earlier form, is now prepared to un- 
derstand the more complex but more efficient form in 
which it was much oftcner used. This form was that of 
the double receiver. The form hitherto examined did not 
produce a uniform stream, because the receiver, after hav- 
ing emptied its contents, required a considerable interval 
to fill again. 

The following description of the double machine, \ 



nachine, whi^^^H 
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rendered the stream nearly constant, is abridged from Sa- 
verys treatise. The Miners' FHend. London, 1702. 

Fig. 15 represents this engine as applied to draw water 
from deep mines. It is placed under ground, on a plat- 
form from twenty to thirty feet above the level of the wa- 
ter. The chimney ascends in the shaft of the mine along 
with a pipe through which the water is forced to the surface. 

A represents tlie furnaces ; B* B^ the two fire-places ■, 
C the chimney; D the small boiler; E F the cock and 




|ripe of it; G a small cock to a pipe going within eight 
inches of its bottom; II a large pipe going the same 
depth ; I a clack in said pipe opening upwards ; K a pipe 
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going from said clack or valve about an inch into tbe g 
boiler ; L M the 3crew with the regulator ; N a ( 
cock and pipe going half way down the great boiler ; 
O^ steam pipes, one end of each beiog screwed to the re- 
gulator, and the other to the veaselB P^ P^ called re- 
ceivers ; Q, Q, Q screw joints in the pipes, and at R, R, 
R, R, Nos. 1,2, 3, 4, are valves or_ clacks opening up- 
wards ; S is the force pipe ; T the sucking pipe,' with 
holes round its bottom in the water ; X a cistern, with a 
bnoy-cock coming from its bottom ; Z the handle of the 
regulator. 

The manner of working this engine is, first : unscrew 
G and N, the two small gauge-pipes and cocks of the two 
boilers, and at their holes fill L, the great boiler, two- 
thirds full of water, and D, the small boiler, quite full ; 
then screw in the said pipes again, and light the fire at B, 
No. 1 ; when the water in L boUs, the handle of the regu- 
lator, marked Z (near to A) must be thrust to the right 
as far as it will go, which makes the steam rising from 
the water in L press through No. 1, into P No. 1, 
making a noise aa it goes ; and when all ia gone out, the 
bottom of the vessel P No. 1 will be very hot Then 
pull the handle of the regulator to the left, which will 
atop O No. 1, and force the steam through O No. 2 into 
P No. 2, until that vessel has discharged Its air through 
the clack R No. 2 up the force-pipe. In the meantime 
let some cold water be poured on the vessel P No. 1 from 
the spout Y, and then by the steam's condensing in that 
vessel, a vacuum is created, so that the water will neces- 
sarily rise by the pressure of the atmosphere up througfa 
T, the sucking pipe, lifting up the clack R No. 3, and 
filling the vessel P No. 1. 
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' The vessel P No. 2 being emptied of ita air and filled 
fith steam, pour some cold water upon it too ; and then 
? No. 2 will be filled with water as the other was. But 
laving previously turned the handle of the regulator 
Igain to the right, the force of the steam will be upon the 
e of the water in P No. 1 ; and will be still inoreas- 
; till it overcome the weight of the water ascending in 
! &£ forcing pipe S, so tlrnt the water io P No. 1 will be 
immediately discharged and forced up to the reservoir. 
When all the water is forced out, the steam, escaping 
through R No, 1 will rattle the clack, so as to give no- 
tice to pull the handle of the regulator to the left, which 
at the same time begins to force out the water from P 
No. 2, without much alteration of the stream. This be- 
; done, turn the cock or pipe of the cistern X on P 
No. ] , 30 that the cold water may condense the steam in it, 
(.and then the vessel P No. 1 will be refilled with water 
prfaile P No. 2 is emptying. Next turn the cock of the 
istern X on P No. 2, causing the steam in that vessel 
) condense, so that it fills with water while the other 
The labour of turning the regulator and water 
, and tending the fire, being no more than a boy can 
rform for a whole day. 
The use of the small boiler D is to replenish the great 
For by turning the cock of the small boiler D, 
I commtmication is cut off between it and the great 
wee-pipe S, by which means D grows immediately hot 
6y throwing a little fire on it B No. 2, the water of which 
i bents, and soon gains more strength than the great boiler ; 
•0 that, the water in D being depressed by its own steam, 
nt necessarily rise through the pipe K into L till the 
srfiice of the water in D is even with the bottom of the 
bipcH. 
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wbeel T is fixed ; about four feet in diameter. It is anowi 
separately, as in front, a, h, c, d are four cleats, all or any 
Dutnber of which may be fixed on the wheel at a tima 
Each cleat has its correspondent block, e, f, g, h on the 
opposite surface of the wheel. The use of these is to work 
the engine. Thus, suppose the wheels are turning round, 
one of the cleats, a, meets a lever, which it lifts, aud this 
opens the steam-valve D by a rod reaching the handle of 
the axis K. The steam consequently passes into the re- 
cover A, and the steam-valve shuts again as soon as the 
cleat a has passed by. In the meantime, the correspon- 
dent block e on the other side of the wheel T had been 
raising the loaded lever which forms the handle of the 
forcing-pump. And at the instant the valve D is shut, 
the block e lets go the loaded lever to descend suddenly 
by its ovra weight. This depresses the forcer of the pump, 
and tliereby throws a jet of cold water up into the receiver 
A, to condense the steam, and make a vacuum tlierein. 
The pressure of the atmosphere upon the water in the cis- 
tern H then causes it to mount up the perpendicular pipe, 
through the valve at G, to the esbausted receiver. 

WTien the engine is first set to work, the water-wheel 
being motionless, the steam-valve and injection-pump are 
moved by hand ; and if the eng^e has been long out of 
work, two or three strokes may be necessary to raise water 
enough to £11 the receiver A, As soon as this is done, and 
the valve is opened to admit steam into the receiver, the 
whole water above the spout and valve F flows out of the 
receiver A into tlie upper cistern. 

The Atmogpheric Sleam-Eiujine of Newcomen 
The title of this machine correctly indicates 
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jle of its action. The effect which it produces is not by 
le direct and immediate agency of steam, but of the at- 
loephere. All that tlie steam does in this engine is mere- 
malce way for the atmosphere, and give effect to its 
It IB therefore necessary to retrace our steps, 
and give some consideration to the operation of such pres- 
sure, as an introduction to this description. A full ex- 
position of the pressure of the atmosphere will be found in 
the article PneumaticSj in the Encychpiedia Britanniea. 
We shall only touch upon such branches of experiment 
here as are closely interwoven with our more immediate 
investigation. 

Afier the discovery of the laws of atmospheric pressure 

by the pupils of Galileo, we owe most of our information 

>ii the phenomena resulting from that pressure, and of the 

iparatus for exhibiting its powers on a large scale, to 

GuerickCj privy-councillor of the Elector of Branden- 

)urg, and consul of Magdeburg, who had in 1654 brought 

apparatus to considerable perfection, and continued to 

[e experiments to an advanced age. They were pnb- 

by Gasparas Schottus in his work "De Arte Me- 

^ Hydraulic^ Pneumatica," in 1657, and again by 

le author himself, io a thin volume, entitled " Ottonis 

lericke Experimenta Nova Magdeburgica de Vacuo 

itio, Aevis Pondere," &c. Amstelodami, 1672, fol. 

We have translated the following passages of tins rare 

work from a copy in the Phyacians' library at Edinburgh. 

'Siey show that the mode of raising water by atmospheric 

pressure and a vacuum, was by him so clearly made known, 

diat the use of steam for cSecting that vacuum was a very 

direct and easy ti-ansition. Indeed the apparatus we have 

first U) consider is a very simple illustration of the action 

of Saverv's machine. 
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ninstration of raiang water by a racunm, and the pressure 
of the atmosphere, from chapter xs, of Guericke. 

" Make four tubes or pipes ab, cd, ef, gk, each about 
aght feet long, ma^le of gla^ and mounted at the extre- 
mides with couically tapered fittings, so as to be accurately 
joined to each other, each joint surrounded by a small cup, 
into which liquor being poored, the joints may be prevent- 
ed from taking in air ; let there also be a stopcock on the 
lowest, and let there be taken a glass fiask t, also tilted 
air-tjght with a stopcock k. 

"Having joined all % u 

these tubes together, so 
as to form a tube erected 
on the wall of a house, 
the lower end being im- 
mersed under water in 
the open vessel ; the large 
flask or receiver having 
been previously emptied 
of air by the air-pump, 
and being now placed on 
the top of the long tube, 
and the stopcock A being 
opened, the water will vio- 
lently rush up the tube to the height of above thirty i 
The rationale is this, that the external air presses on the 
[ surface of the water in the bucket, which finds free exit 
from this force up the vacuous space of the tube, from 
which the air haa been withdrawn, into the Hask i; and 
aettlea at such n height as will balance by the weight of 
the column of wattT the weight of circumambient air." 

The reader uf this very clear and accurate exposition 
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lay easily perceive tbat when it has once been discovered 
ow water, after having been rarefied by heat into steam, 
to fill a large space, can be again condensed by cold, 
I to leave a portion of that space vacuous ; nothing 
18 to be done except to make the vacuum of the flasli i 
y eteam instead of an air-pump, and tlie machine of 
'avery is obtained. In fact, the flask t of Otto Guericke 
orresponds to the receiver of Thomas Savery. The reader 
s only to understand the former, in order tg perceive at 
' glance the action of the latter. 

This first experiment of Otto Guericke, therefore, re- 

T^ents with fidelity the principle of Savory's engine for 

[ water by the formation of a vacuum. Not less 

Matifully does another experiment of the same philostn 

»her exemplify the principle of the species of engine known 

e atmospheric engine, or Newcomen's steam-engine. 

Its construction is peculiarly important at thia stage of 

l»ar progress, as the reader has only to follow the details 

•Jf fte experiment of Guericke, to comprehend correctly 

the machine of Newcoraen. In fact^ all his experiments 

oil the power of the atmosphere are admirable illustrations 

(tf the principle of the atmospherie steam-engine; so that 

tile reader will do well to remember that the only use of 

the' steam in the atmospheric stoam-engine is to Ibrm a va- 

(uum, 

Bescription of the apparatus for raising weights by a va- 
cuum under a piston in a cylinder, exhibited amongst 
other experimeuts, at the diet of llatisbon in 1654, to 
the court and hia Majesty Ferdinand III. and his son, 
&fWwards Ferdinand IV., &c,, chap, xxvii. and xxviii. 
"A large vessel of copper, a, made truly cylindrical. 
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and having its sides perfectly even ani 
parallel, and about twenty inches high 
and eight inches wide, waa fixed firmly 
in a vertical position by the strong 
nog S. In the next place, a piston, 
PQR, was made to fit exactly the 
in^de of the aforesaid cylinder, P 
, being of iron and Q wood, and the rounded head R. 
formed of the hardest oak, being hollowed out on the 
edge like the pulley of a common well, in which groove 
flax or hemp is to be rolled round so as to fill it up, 
and the whole is then to be placed in the aforesaid 
cylinder a, (like as a piston and its head in a common 
syringe or pump for estinguisliing fires,) and fitted so m- 





actly tliat air can neither pass outwards or inwards through 
between the piston and cylinder. Thirdly, the cylinder 
a is to be attached to the great upright beam. Fig. 19, by 
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i iron bracket, through the ringaforesajd S,aDd thepiston 
) be let into the cylinder a, and the iron handle 
i of the pistnn is to be passed through the ring of a ae- 
|jH>Qd iron arm O, in such a manner that it can play freely 
i'lip and down through the whole height of the cylinder, 
r and at the same time be steadily preserved in the straight 
^, hat not permitted to rise further than O. In the 
I fowth place, a rope, to the end of which is firmly attached 
la hook, is carried round the wheel t, and fastened by ita 
I hook to the piston rod PQ, and the other end of the rope 
18 other ropes attached to it, to be grasped by the men, 
a in the figure. Now, if the atopcock X be closed, the 
riston being nearly at the bottom, the joint efforts of fifty 
r more men will not be able to raise it more than half- 
bay np the cylinder. 

" If, now, in the ^ftk place, the large glass receiver, 
merly mentioned, which has been previously made 
rperfectly vacuous, (by an air-pump,} be applied to the 
[ stopcock X, and then when tbe men are exerting their 
y Utmost force, the stopcocks at X of the vacuous receiver 
I and the cylinder be opened, so as to make a free commu- 
nication from tbe one into tbe other ; the piston PQR will 
be suddenly forced down to tlie bottom of the cylinders iu 
spite of the greatest efforts of the men to keep it up. 

'* The whole cause of this matter ia to he attributed to 
ibe gravity of the air, which, when the vacuum is formed 
below, instantly presses down the piston into it with a force 
which, according to our former calculation, amounts in 
tliat size of cylinder to 2686 pounds' weight" 

The next of the Magdeburg experiments still more 
closely resembles tbe atmospheric steam-engine in its mode 
of application, and still farther illustrates it. 
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" By the above-mentioned invention, a child of twelve 
or fifteen years old can raise an enormous weight. Every 
thing being left as formerly, only the piston being nearly 
at the top of the cylinder a, you are to pass the rope roiind 
a Becond pulley, hung from a staple aa in fig. 20 ; and by 




a book to suspend from the rope the scale of a large b 
lance, which you are to load with a weight of 2686 pounds. 
If a small syringe be applied by a little boy to tiig 
stopcock X to pump out the air, it will follow that^Mi 
the air is pumped out Irom below the piston, the ats 
sphere above will press it down and raise the weight,?* 
The transition from this to the engine of Newcom 
immediate. To the last-described apparatus of ( 
let there be added a small copper globe or boiler, Zji 
21, to be be placed over a fire till water in it bculfl j 
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jpam. This steam, entering below the piston, will drive it 

p and occupy the whole space of the cylinder ; but if now 

K stopcock X be suddenly closed, and especially if cold 

Rter be sprinkled on the outside of the cylinder to cool it, 

te steam will be condensed back into its original bulk of 

later, and Iea?e t-ie. si 

lie space it for- 

nerly occupied in 

he cylinder near- 

y a vacuum, into 

rhich the atmo- 

iphere will press 

lown the piston 

SB in the -former 

instance, raising 

19 the weiglits at 

Bie otha- end of 

BJerope. This is ^ 

[nst the atmosphe- ] 

licengineofNew- ' 

lemen: tlie steam 

lets indirectly aa ' 

the medium through which a vacuum is effected ; and it 
IS only the agency of the atmosphere which ia thus ren- 
dered useful in giving motion to a weight 

We hope that nothing which we have here said concern- 
ing the discoveries of Guericke will be misunderstood, as 
intended in any way to depreciate the inventions of Mr 
Savery or Mr Newcomen ; they are only introduced as 
illoatrations by wluch we are most easily conducted to a 
thorough comprehension of the principles on which they 
act, and of the state of knowledge of atmospheric pressure 




at that date. The apparatus of Guericke was in no 
respect a steam-en^ne ; and although his speculations 
were divulged before the inventioos of Savery and Nes 
comen, the agency of steam was still required 1 
useful machine was produced. 

Newcomer's Fire-Evgine, — Switzer, in his Hydrostat 
(1729) says, " I am well informed, that MrNewcomen was 
as early in his invention as Mr Savery was in his, only the 
latter being nearer the court, had ohtained his patent be- 
fore the other new it, on which account Mr Newcomen was 
glad to come in as a partner to it" Dr Desaguliers, speai- 
ing of Savery's engine, also says, " these discouragements 
(the difficulty of making sufficient high-pressure boilers, 
&c) stopped the progress and improvement of this en^ne 
till Mr Newcomen and John Cawley, brought it to the 
present form in which it is now i^ed, and has been near 
these thirty years." (1744.) Experimental PlUhsophy, ii. 
467. And again, " about the year 1710, Thomas New- 
comen, ironmonger, and John Cawley, glazier, of Dart- 
mouth, in the county of Southampton, (Anabaptists,) made 
then several experiments in private, and having brought 
it to work with a piston, &c., in the latter end of the year 
1711, made proposals to draw the water at Griff in War- 
wickshire; but their invention meeting with no reception, 
ID March following, through the acquaintance of Mr Pot- 
ter of Bromsgrove, in Worcestershire, they bargained to 
draw water for Mr Back of Wolverhampton, where, alter 
a great many laborious attempts, they did make tlie engine 
work. They were at a loss about the pumps, but being 
so near Birmingham, and having the assistance of so many 
admirable and ingenious workmen, they soon came to tlie 
method of making the puiiip-valves, clacks, and huckett; 
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lAweas they had but an imperfect notion of them before. 
One thing is very remarkable. At first working, they 
•rere aurprised to see the engine go several strokes and 
ray qmck together, when, after a aearch, tliey found a 
hole in the piston which let the cold water in to condense, 
the ileam in the inside of the cylinder, whereas, before, they 
W always done it on the outside. They used before to 
work with a buoy in the cylinder inclosed in a pipe, which 
buoy rose when the steam was strong, and opened the in- 
jection pipe and made a ati-oke, whereby they were capable 
of onlygiving sis, eight, or ten strokes in a minute, till a boy 
imed Humphrey Potter, who attended the engine, added 
lat he called scoggan, by toliich the beam of the engine 
t^t opened and shut its own values, and then it would 
D (entirely without the attendance of a man) fifteen or 
xteeu strokes in a minute. But this being perplexed 
fith catches and strings, Mr Henry Beigliton, in an en- 
iae he had built at Newcastle-on-Tyne in 1718, took 
1 all away, the beam itself supplying all much better. 
This abort note of Dr Desagidiers, who, with Switzer, 
I our authority for the historical facts of this date, con- 
ins the leading points of the history of the steam-engine 
B generally used for raising water during the eighteenth 
Sitnry. Newcomen gave to the en^ne a cylinder and 
itoH : he formed a vacuum in the cylinder behno the piston 
-he gave to the valves, rlacks, buckets, Sfc, that improved 
nttruction which rendered them suitable to the prcci^on 
r the action of steam. He first constructed a piston with 
a elastic packing of hemp, by which it is kept steam and 
r-tight as it moves along the cylinder; and, above all, 
railed himself of the experience of an unlucky accident 
I add the important process of condensng steam by in- 
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jeeting cold water directly amongst it. All these inven- 
tions of Newcoinen give to the steam-engioe of the pre- 
sent day its most important features. 




Fig. 22 exhibits the principal parts of Newcomen's en- 
gine arranged in a very simple form and without the 
iraming. The following explanalaon of it will serve as 
an introduction to the description of the more perfect 
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sacfaine, as ^ven from Smeaton further on.— A represents 
e boiler, which eommunicatps with the cylinder, CBBC, 
f the steam-pipe N, the lower end of which is shut by the 
iate K, called the regulator or steam-cock, which is turn- 
1 horizontally roimd an asis & a by a handle ST. 
I The piston P, which works in tbia cylindur, is made air- 
^ht by a packing of hemp, well filled with tallow ; and, 
r greater security, some wat«r is kept above the piston. 
s piston-rod PD is suspended by a ctuuii from the arch- 
i FD of the great lever or working beam FK, which 
1 the gudgeon O, aud to a similar arch-head EG 
it the other end of the beam is fixed the chain of the 
ramp-rod KL, which raises the water from the mine. 
e load on this end of the beam is made to exceed con- 
■derably the weight of the piston P at the other extre- 
iiity. A small pump k I raises water to the injection cis- 
1 W. From this descends the injection-pipe ZSR, 
khich enters the cylinder through its bottom, aud lermi- 
sates in a small hole R, or sometimes in a uozzle pierced 
with many smaller holes diverging in all directions. In 
this pipe is the injection- cock S, fitted with a handle V. 

At the opposite side of the cylinder is the snifting valve^ 

From the bottom of the cylinder descends the eduction. 

I fipepe^/i, by which the water escapes, and of which the 

r lower end being turned upwards, is covered with a valve h. 

is part is immersed in a cistern of water Y, called the hot 

Lastly, the boiler is furnished witli a safety-valve. 

These are the more essential parts of the engine, in the 

Boet simple form. Let us now see how the machine is 

^t in motion, and what is the nature of its work. The 

rater in the boiler being supposed in a stale of strong 

rwiliition, and the resting position or attitude of the ma^ 
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chine being such as appears in the sketch. Open theeteatf' 
cock. The steam will immediately rush into the cylinder, 
and flying all through it will mix with the air, Mnch of it 
will be condensed and wasted by the cold surfaces of the 
cylinder and piston till they are made as hot as boiling 
water. When tlus happens the steam will open the snift- 
ing valve f, and espel the air from the cylinder. 

This being done, and the cylinder fully supplied with 
steam, the attendant shuts the steam-cock, and opens the 
injection-cock S. The water by its pressure in the injec- 
tion-pipe ZS, now begins to enter through the spout R. 
This coming in contact with the steam in the cylinder be- 
gins to condense it, so that it do longer balances the at- 
mospherical pressure on the water in the injection- dstem, 
and therefore the water spouts rapidly through the hole 
R, by the joint action of that pressure and the column ZS; 
at the same time, the snifting-valve/, and the eduction- 
valve k, are shut by that pressure. The injection water 
must therefore be scattered through the whole cylinder. In 
a very short time, therefore, the condensation of the steam 
becomes universal, and the elasticity of what remains ia 
almost nothing. The whole pressure of the atmosphere 
is exerted on the upper suriace of the piston, while there 
is hardly any on its under ade. Tlierefore, if the load 
on the outer end E of the working-beam be inferior to this 
pressure, it must yield to it. The piston P must descend, 
and the pump-piatou L must ascend, bringing along with 
it the water of the mine. 

When tlie piston has descended, the attendant shuts 
the injection -cock, and opens the steam-cock. The steam 
having been accumulating in the boiler during the piston's 
deeceat, now .i-ushes violently mto the cylinder, with aa 
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icit^ greater than that of the air. It therefore blows 
the snifting-yaWe, anil allows any water which had Col- 
in the cylinder to descend by its own weight through 
e eductiott-pipe p e g k,ta open the valve k, and to run 
it into the hot well. 

Afterwards when Bcighton enabled the engine itself to 
and shut the other valves, this was principally effected 
means of a rod such as if, suspended from the beam, and 
lied the plug-tree. It is described with Smeaton's en- 
ae, And also among the various methods still used for 
irking the valves. 

It was in 1718, as already mentioned, that Mr Uenry 
^ghton improved the steam-engine of Newcomen so 
by a airaple and effective arrangement of minor de- 
tbat for more than half a century it remained in gene- 
\ use, without any material change. Excellent diagrams 
id descriptions of these improvements ai'e given by Des- 
But it would be superfluous to introduce them 
re ; because tliey are either repeated or superseded in 
i descriptions of the more perfect apparatus of Smeaton 
d others given further on. 

Newcomen, Potter, and Beighton, had rendered the 

leric steam-engine an independent self-acting me- 

lical power of so great perfection in its principle of ac- 

and its minor details, as to be very generally intro- 

os a substitute for the power of animals in draining 

ines and collieries, and to confer very great advantages 

those important and primary sources of national indus- 

<f and wealth. The saving of money from this change 

IS so great as to be continually opening up new avenues 

'mining enterprise, by the rapid progress of which, the 

ipabilities of the engine were soon put to the severest 

The cylinders, which had been originally of twelve 
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and sixteen inches diameter, vere gradually increased to- 
aixty inches. Along with this dimension, the other parts 
required to be increased in a sdll higher proportion ; and 
at last the structures hecame so gigantic as to demand ao 
amooDt of science and practical skill which was rare in that 
period. The man suited lo the emergency at last arose in 
the father of civil engineering, the justly celebrated Smea- 
ton, who brought to bear on this subject endowments and 
accomplishments seldom united. He conferred upon the 
atmospheric steam-engine all the extent and variety of ap- 
plication of which it was capable, and all the perfection of 
proportion and esecutiou which the state of the mechani- 
cal arts could then afford. 

Mr Smeaton produced machines which excelled in th^ 
<^enBions and efficiency every thing which had preceded 
them. In 1772 he erected an engine at Long BentOD 
colliery, near Newcastle, which he considered as his stand- 
ard. The following are its principal statistics : Diameter 
of cylinder, 52 inches, — 7 feet stroke, 12 strokes per mi- 
nute; being 84 feet useful motion, and 168 total motion 
perminute. Load of water = 7.1 tons. Load per square 
inch ~ 7^ lbs. Consiunption of coals, 17.63 lbs. per 
horse power per hour. Work of one bushel or 84 lbs. of 
coals = 9.45 millions of lbs. one foot liigb. The total 
power of engine was about 40^ horse-power, and for every 
horse- power the boiler had 52 cubic feet of total space, 
27.75 cubic feet of steam room, and 6.23 square feet of 
horizontal surface of water. The furnace had, for every 
horse power, 3.5 square feet of fire surface, 7.83 square 
feet of flue surface, and .867 square foot of fire grate. 
The total steam produced per minute was about 62.95 
feet per horse power ; of this 30.58 w^e used in moving 
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-jHSton, 8.92 wasted to fill the extra space in the cylin-> 
r, and 23.45 condensed on the surfitce of the cylinder 
r Farey has given an excellent description and investi- 
itioD of this engine. 

Mr Smeaton also constructed a portable fire-engine, 

p drawing water from temporary excavations, shafts, 

&C., so framed as to require no erection of a 

ilding, and to be easily shifted from place to place. The 

i is wholly within the boiler. The framing of the en- 

le is of timber, trussed and arranged in such a manner 

to sustain within itself every kind of strain which the 

force of the machine and the resistance may produce 

The details are given in big Reporte ; but the high pres- 

mre engine is much more portable and better suited to 

BOch purposes than that of Newcomen. 

But the most magnificent of Smeaton's works in this 

department is bis great Chasewater engine, of which the 

details are also given in his Reports, and abound in inge- 

Dious contrivance and judicious arrangement. This en- 

□e was of 150 horses' power, turning out 880 hogsheads 

water per hour, by the heat of 16^ bushels of coal. 

le cyhndcr A B Fig. 23, is 72 inches in diameter, the 

'stroke 10 feet 6 mclics. The great lever or beam of the 

D D, consists of 20 large balks of timber, the four 

nearegt the centre being each a foot square, and the whole 

firmly joggled together with heart of oak, and bolted with 

iron, forming a very elegant but ponderous beam. The 

F F, upon which the cylinder rests, are kept in their 

place by being entered into the ^de walls of the house, 

and are joggled and framed together similarly to the great 

Jever. G is the boiler, H the furnace, I B the steam-pipe, 

.3 the injectioo-pipe, K the Injection-dstern, fed by a pump 




is the spear or rod of the great draining-ptunp, wrought 
by the engine, P P is the plug-tree suspended from the 
maiD beam and carrying plugs, n hich in their upward and 
downnard progress act on the levers which open and shut 
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lie regulator and injection-coclo. The date of this en- 
■gine is 1775. Its working gear, which is very simple and 
I good, is represented on a larger scale in fig. 24. 

A ia the lower corner of the cylinder, A' A' the injec- 




lioib-pipef B the injection-cock, B F its handle o 

ing between the forks of the bent lever E Z F F', 
called the F-lever, by which the cock is opened and shut 
Tlie tml Z 12 of this F-lever is, by the downward motion 
of the plug-tree P, forced from the position shown by the 
dotted line Z 18, into the position in which it is seen in 
tiie drawing, and it is there retained by the catch / / /. 
'While the lever is in this position the injection cock is 
,the steam from the boiler is Sowing into the cylinder. 
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and the piston b rising. \Vlieii the piston has nearlf 
reached the top of its course, aa apparatus attached to the 
plug-frame P, draws up the catch ///, and releases the F- 
le»er, which is forced into the posltiou 18 Z, by the bob 
or weight 16, carried by ita end F, and the consequent 
movement of its fork F opens the injection-cock ; T :e 11, 
9, is the Y-lever or tumbler, which acta upon the stirrup 
rod k attached to the spanner of the regulator. The range 
of the tumbler's raotiop on each aide of the perpendicular 
18 regulated by ita check-cord T I, which is passed round 
a roller I, furnished with a paul and ratchet, so that its 
lengtb may be adjusted. The tumbler is moved by pina 
in the plug-frame P, acting upon ita bent arms, x 'A,x T. 

In the left-hand corner at the bottom of the figure, b 
a dde and front view of a slider, which may be fixed npon 
llie plug-tree instead of the pins, to work the lever. Q R 
shows a part of the plug-tree, N V the slider, and W 20, 
W 20 two acrews for retaining the slider in its place. By 
thb means the working-stroke may be adjusted much more 
Burely than by the pins or plugs. 

The working of the injection-cock by the forked end of 
the F-lever being found defective, Mr Smeaton afterwarda 
fixed a tooth sector on the lever, which acted upon a toothed 
wheel, carried by the axb of the injection-cock. 

3. T!te Era of WatL 
Before the time of James Watt, the steam or 
spheric engine was a more costly power than horses, exi 
where fuel was -extremely cheap. At the mouth of a coal- 
pit almost any sort of steam-engine or fire-engine is better 
than horses, because the fuel ia the produce, and often the 
refuse of the pit; and thus the mass of small eoals b con- 
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which would otherwiee lumber the moutb of the 
pit. The worst sort of engine would raise more coal in 
twelve minutes than it would consume in twelve hours. In 
ich circumstances, almost any fire-engine is cheaper than 
labour of horses. We find that the rudest, most an- 
iquated, worst made, and worst tended engines in the 
irorld, are those of Durham coal-fields and around New- 
where there are more had engines than in all the 
jrld besides. The reason is obvious ; tlie only constant 
Lpeoae attending the use of these engines is the labour of 
■hovelling in coals. The atmospheric engine, even after 
it had received all the improvements of three quarters of 
a century, and attained in the hands of Smeaton all the 
perfection of which it was capable, still continued an es- 
Iravagant consumer of coals. Watt was the man who 
birned the scale of expense so as to give a great prepon- 
derance in favour of the fire-engine. Inhb hands it ceased 
to he an atmosp/ieric engine, and became wholly a steam- 
enffine, capable of being applied to an immense variety of 
lurposes, on a much larger scale, and at much less ex- 
lenae than the power of horses, wherever the prices of fuel 
and of fodder were not in greater disparity than in this 
eountry. 

We have seen that hitherto the fire-engine, even in 
Staeaton's hands, was so imperfect that it wasted a large 
quantity of fuel and of steam in doing what was useless, 
namely, heating the cylinder, which was cooled alternately 
Id each stroke by the cold water injected Inio it In Long 
iton colliery engine, out of sixty-three cubic feet of 
thirty-two were thus wasted, and the remaining 
thir^-one feet alone performed useful work. There re- 
mained, therefore, one-half of the power of the steam and 



60 THE STSUI-KEtOtSE. 

expense of the fuel to be saved by future improveti 
provided the unless beating and cooling of the c 
could be avoided. The vacuum formed below t 
der wss alao Ear &om bciog perfecL In tbis state Watt 
fbond tbe atmospheric fire-engine in the baiida of Smeatoo, 
«Dd produced imva it the pure steam-engine which he left 
to us in its present state of high improvement. The fol- 
lowing portion of the histon- of the steam-engine was con- 
tributed by the person best qualified to do it justice, Watt 
himself, as a commentary upon the original article given 
in an early edition of the F.ncyciopadia BritMoika by Dr 
Robison. For further illustration, we have added some 
figureis and remarks. 

" My attention was first directed in the year 1759 to the 
subject of steam-engines by the late Dr I^bisou, himself 
then a student in the University of Glasgow, and nearly of 
)ny own age. He at that time threw out an idea of ap- 
plying steam to the moving of wheel carriages, and to other 
purposes; but the scheme was not matured, and was soon 
abandoned on his going abroad. 

" About the year 1761 or 1762, 1 tried 
some experiments on tbe force of steam, 
in a Papin'a digester, and formed a spe- 
dea of steam-engine by &xing upon it a -^ 
syringe one-third of an inch in diameter j 
with a solid piston, and furnished also 
with a cock to admit the steam from the 
digester, or shut it off at pleasure, as well 
as to open a communication fi-om the inside of the syringe 
to the open air, by which the steam contained in the ^- 
linge might escape. When the communication between 
the digester and fringe was opened, the steam entered 
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B 'Byrioge, and by its action upon the piston riused a 
roiderable weight (fifteen lbs.) with which it was loaded. 
When tbis was raised as high as was thought proper, the 
Ommuiiication with thit digester was shut, and that with 
he atmoBphere opened ; the steam then made its escape, 
nd the weight descended. The operations were repeated, 
nd though in this experiment the cocli was turned by 
rod, it was easy to see how it could be done by the ma- 
e itself, and to make it work with perfect regularity, 
hit I soon relinquished the idea of constructing an engine 
ion this principle, from being sen»ble it would be liable 
B some of the objections against Savery's engine, riz. the 
anger of bursting the boiler, and the difficult of making 
e jmnfs tight, and also that a great part of the jjowercf 
3e steam would be lost, because no vacuum was formed 
D assist the descent of the piston. 
" The avocations of business prevented me from then pro- 
cnting the subject; but in the winter of 1763-4, having 
1 to repair a model of Newcomcn's engine belong- 
ig to the Natural Philosophy Class of the Univeraty of 
Qasgow, my mind was again directed to it. At that pe- 
lt my knowledge was derived principally from Desagu- 
i, and partly from BeJidor. I set about repairing it 
) a mere mechaniciao, and when that was done and it was 
* to work, I was surprised to find that its boiler could 
it eopply it with steam, though apparently quite large 
icn^h ; (the cylinder of the model being two inches in 
Bmeter, and ax inches stroke, and the boiler about nine 
ebes diameter.) By blowing the fire it was made to take 
few strokes; but required an enormous quantity of in- 
ICtion water, though it was very lightly loaded by tlie co- 
a of water in the pump It soon occurred to me, that 
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Uiis was caused by the little cylinder exposing a 
surface to condense tlie steam, than the cylinders of larger 

en^nea did, in proportion to their respective contents. It 
was found that by shortening the column of water in the 
pump, the boiler could supply the cylinder with steam, 
and that the engine would work regularly with a mode- 
rate quantity of injection. It now appeared that the cy- 
linder of the model, being of brass, would conduct heat 
much better than the cast-iron cylinders of larger engines, 
(generally covered on the inmde with a stony crust,) and 
that considerable advantage could be gained by making 
the cylinders of some substance that would receive and 
give out heat slowly. Of these, wood seemed to be the 

rst likely, provided it should prove sufficiently duraU& 
A small engine was therefore constructed, with a cylinder 
six inches diameter and twelve inches stroke, made of 
wood, soaked in linseed oil, and baked to dryness. With 
this engine many experiments were made ; but it was soon 
found that the wooden cylinder was not likely to prove 
durable, and that the steam condensed in filling it still ex- 
ceeded the proportion of that required for large engines 
according to the statements of Desaguliers. It was also 
found, that all attempts to produce a better exhaustion by 
throwing in more injection, caused a disproportionate waste 
of steam. On rcilection, the cause of this seemed to be 
the boiling of water in vacuo at low heats, a discovery 
lately made by Dr Cullen and some other philosophers, 
(below 100, as I was then informed,) and consequently, 
at greater heats, the water in the cylinder would produce 
a steam which would, in part, resist the pressure of tJie at- 
n,o.phcre. 

" By experiments which I then tried upon the hea 
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f water boils under several pressures greater than 
nhat of the atmospbere, it appeared tbat when the heats 
proceeded in an arithmetical, the elasticities proceeded in 
Bcwne geometrical ratio ; and by laying down a curve from 
my data, I ascertained the particular one near enough for 
my purpose. It also appeared that any approach to a va- 
nium could only be obtained by throwing iu large quaiv- 
■litieB of injection, which would cool the cylinder so much 
S to require quantities of steam to heat it again, out of 
proportion to the power gained by the more perfect vaou- 
a ; and that tiie old engineers acted wisely in contenting 
fliemsetves with loading the engine with only six or aeven 
mnnds on each square inch of the area of the piston. It 
Hbeing evident that there was a great error in Dr Desagu- 
jiers' calculations of Mr Beigbton's experiments on the 
ibulk of steam, a Florence flask, capable of containing about 
t pound of water, had about one ounce of distilled water 
put into it; a glass tube was fitted into its mouth, and the 
joining made tight by lapping that part of the tube with 
packthread covered with glazier's putty. When the flask 
was set upright, the tube reached down near to the surface 
of the water, and in that portion the whole was placed in 
a tin reflecting oven before a fire, until the water was 
wholly evaporated, which happened in about an hour, and 
might have been done sooner, bad I not wished the heat 
not much to exceed that of boiling water. As the air in 
tbe flask was heavier than the Eteam, the latter ascended 
to the top, and expelled the air tlu-ougb the tube. When 
le water was all evaporated, the oven and flask were re- 
Mved from the fire, and a blast of cold air was directed 
■gainst one side of the flask, to collect the condensed steam 
3 one place. When all was cold, the tube was removed. 
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the flask and its coDtents were weighed with oare; toA 
the flask heing made hot, it was dried hy blowing into it 
by hellowa, aad when weighed again, was found to have 
lost rather more than four grains, estimated at four and 
a-third gr^ns. When the flask was filled with water, it 
was found to contain about seventeen and one-eigbth 
ounces avoirdupois of that fluid, which gave about one 
thousand eight hundred for the expansion of water con- 
verted into steam of the heat of boiling water. 

" This experiment was repeated with nearly the same 
result; and in order to ascertain whether the tiask had 
been wholly filled with steam, a. similar quantity of water 
was, for the third time, evaporated ; and, while the flask 
was still cold, it was placed inverted, with its mouth (con- 
tracted by the tube) immersed in a vessel of water, wbid 
it Slicked in as it cooled, until in the temperature of the 
atmosphere it was filled to within half an ounce mea 
of water. 

"In repetitions of this experiment at a later date 
Amplified the apparatus by omitting the tube, and laying 
the flask upon its side in the oven, partly closing its mouth 
by a cork, having a notch on one side, and otherwise pro- 
ceeding as has been mentioned. 

" I do not consider these experiments as extremely ac- 
curate ; the only scale-beam of a proper size which I had 
then at my command not being very sensible, and the bulk 
of the steam being liable to be influenced by the heat to 
which it was exposed, which, in the way described, is not 
easily regulated or ascertained; but, from my experience 
in actual practice, I esteem the expansion to be rather 
piore than I have computed. 

" A boiler was constructed, which showed by inspection 



measuxi^ 
dat^i^l 



COSDESSATIOS. 



65 



the quantity of water evaporated in any given time, and 
thereby ascertained the quantity of steam used in every 
stroke by the engine, which I found to be several times 
the full of the cylinder. Astonished at the quantity of 
water required for the injecljon, and the great heat it had 
acquired from the small quantity of water in the form of 
steam which had been used in filling the cylinder, and 
thinking I had made some mistake, the following atperi- 
dent was tried : — A glass tube was bent at right angles, 
one end was inserted horizontally into the spout of a tea- 
kettle, and the other part waa immersed perpendicularly 
in well water contained in a cylindric glass ve^el, and 
steam was made to pass through it until it ceased to lie 
condensed, and the water in the glass vessel was become 
nearly boiling hot. The water in the glass vessel waa 
then found to have gained an addition of about one-sixth 
part from the condensed steam. Consequently, water 
converted into steam can heat about sis times its own 
we^ht of well water to 212°, or till it can condense no 
more steam. Being struck with tliis remarkable fact, and 
not understanding the reason of it, I mentioned it to my 
friend Dr Black, who then explained to me his doctrine of 
latent heat, which he had taught foi- some time before this 
period, {summer 1764 ;) but kavbg myself been occupied 
with the pursuits of business, if I had heard of it, I had 
Dot attended to it) when 1 thus stumbled upon one of 
the material facta by which that beautiful theory is sup- 
ported. 

"On reflecting further, I perceived that, in order to 
make the best use of steam, it was necessary, first, that the 
(^linder should be maintained always as hot as the steam 
•vllicb entered it ; and, secondly, that when the steam waj 
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condensed, the water of which it was composed, and tlte 
injection itself, sliould be cooled down to 100% or lower, 
where that was possible. The means of accomplishing 
these points did not immediately present themselves ; but 
early in 1765 I'i! occurred to vie, that if a communication 
were opened between a cylinder coniaining ateam, and an- 
otlier vessel which was-exhausted of air and other Jluida, the 
ateam, as an elastic fluid, would immediately rush into the 
empty vessel, and continue so to do until it had established 
an equilibrium ; and if that vessel were kept very cool by 
an injection, or otherwise, more steam would continued to 
enter, until the whole was condensed. But both the ves- 
sels being exhausted, or nearly eo, how was the injection 
water, tlie air which would enter with it, and the conden- 
sed steam, to be got out? This I proposed, In my own 
mind, to perform in two ways. One was by adapting to 
the second vessel a pipe reaching downw^-ds more than 
thirty-four feet, by which the water would descend, (a 
column of that length overbalancing the atmosphere,) and 
by extractiiiy the air by means of a pump. 

" The second method was by employing a pump, &r 
pumps, to extract both the air and the water, which would 
be applicable in all places, and essential in those caaes 
where there was no well or pit. 

" This latter method was the one I then preferred, a 
is the only one I afterwards continued to use. 

"In Newcomen's engine, the piston is kept tigU 
water, which could not be applicable in this new uet^ 
aa, if any of it entereti into a partially exhausted aud hot 
cylinder. It would boil and prevent the production of a 
vacuum, and would also cool the cylinder by its evapon 
tion during the descent of the piston, I proposed ti 
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medy this defect by employing wax, tallow, or Ot/ier grease, 
to lubricate and keep the piston tight. It nest accurred to 
me that the mouth of the cylinder being open, the ^ 
wBcb entered to act on the piston would cool the cylin- 
der, and condense some steam on again 611ing it ; I there- 
fore proposed to put mi air-tight cover upon the cylinder^ 
with a hole and stuffing box for llie piston rod to slide 
through, and to admit steam above the piston to act upon 
it instead of the atmosphere. There still remained an- 
other source of the destruction of steam, the cooling of the 
cylinder by the external air, which would produce an in- 
ternal condensation whenever steam entered it, and whic 
would be repeated every stroke ; tbis I proposed to reme- 
dy by an external cylinder containing steam, surrounded hg 
another of wood, or of some other substance which would 
conduct heat slowly. 

" Wbcn once the idea of the separate condensation was 
started, all these improvements followed as corollaries in 
quick succession, so that in the course of one or two days, 
the invention was thus far complete in my miod, and I im- 
mediately set about an esperiraent to verify it practically, 
I t«ok a large brass syringe A, one and threc-fom"th inches 
diameter, and ten inches long, made a cover and bottom 
to it of tin-plate, with a pipe S to convey steam to both 
eode of the cylinder from the boiler ; another pipe E to 
■convey steam from the upper end to the condenser, (for, 
to save apparatus, I inverted the cylinder.) I drilled a 
hole longitudinally through the axis of the stem of P 
piston, and fixed a valve at its lower end, to permit 
water which was produced by the condensed steam, on 
first filling the cylinder, to issue. The condenser used 
this occa^cn consisted of two pipes a b,c d, of thin 
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tin-plate, ten or twelve inches long, and about one-aKtb 
tndi diameter, 
standing perpendi- 
cular, and commu- 
nicadng at top with 
a short honzoDtal ] 
pipe A of large dia- 
meter, having an I 
aperture on its up- i 
per fiide which « 
shut by a valve p 
opening upwards. 
These pipes were 
jomed at bottom to 
another perpendi- 
cular pipe p of 
about au inch dia- 
meter, whichserved_ 
for the air and 

water pump ; and both the condensing pipes and the air- 
pump were placed in a small cistern C filled with cold water. 
" The steam-pipe was adjusted to a small boiler B. 
When steam was produced, it was admitted into the cylin- 
der, and soon issued through the perforation of the rod, 
and at the valve of the condenser. When it was judged 
that the air was expelled, the steam-cock was shut^ and the 
air-pump piston-rod was drawn up, which leaving the small 
pipes of the condenser in a state of vacuum, the steam en- 
tered them and was condensed. The piston of the cylin- 
der immediately rose, and lifted a weight of about eighteen 
pounds which was hung to the lower end of the pifitOD-o 
The exhaustion-cock was shut, the steam was re-adni 
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i the cyUnder, and the operation was repeated ; the 
quantity of steam consumed, and the weights it could raise 
*ere observed ; and, escepting the non-application of the 
(team-case and external covering, the invention was com- 
plete, in so far as regarded the savings of steam and fnel. 
A large model, with an outer cy- p. 

finder and wooden case^ was ii 
jnediately constructed, and tie 
experiments roatle with it served 
to verify the expectations I had 
Ibnned, and to place the advan- 
tage of the invention beyond the i 

ich of doubt. It was found 
Dnvenient afterwards to change 
die pipe-condenser for an empty C 
i, generally of a cylindrical | 
, into which an injection played, aS in fig. 27, and in 
»naequence of there being more water and air to extract, 
enlarge the air-pump, 

" The change was made, because, in order to procure a 
ar&ce sufficiently extensive to condense the steam of a 
■rge engine, the pipe condenser would require to be very 
aluminous, and because the bad water vrith which engines 
re frequently supplied would crust over the thin plates, 
od prevent their conveying the heat sufficiently quick, 
e cylinders were also placed with their mouths upwards, 
1 furnished with a, working-beam, and other apparatus, 
vas usual in the ancient engines ; the inversion of the 
grlinder or rather of the piston-rod, in the model, being 
mly an expeiUent to try more easily the new invention, and 
; Eubject to many objectiona in large engines. 
" Jn 1708 I applied for letters-patent far my ' Methods 



of Lessening the consumptioQ of Steam, and t-onsequently 
of Fuel, in Fire-Engines,' wliich passed the Seals in Jana- 
ary 1769 ; and ray specification was enrolled in Chancery 
in April following, and was as follows : — 

" My method of lessening the consumption of steam, and 
consequently fuel, in fire-engines, conasts of the following 
principles : — 

" First, That yessel in which the powers of steam are to 
be employed t« work the engine, which is called the cylin- 
der in common fire-engines, and wiich I call the steam- 
vessel, must, during the whole time the engine is at work, 
be kept as hot as the steam that enters it; first, by enclos- 
ing it in a case of wood, or any other materials that trans- 
mit heat slowly ; secondly, hy surrounding it with steam 
or other heated bodies ; and, thirdly, by suffering neither 
water or any other substance colder than the steam, to en- 
ter or touch it during that time. 

" Secondly, In engines that are to he worked wholly or 
partially by condensation of steam, the steam is to be con- 
densed in vessels distinct from the steam-vessels or cylln- 
da-s, although occasionally communicating with them; 
these vessels I call condensers ; and, whilst the engines are 
working, these condensers ought at least to be kept as cold 
as the tar in the neighbourhood of the engines, by applica- 
lion of water, or other cold bodies. 

" Thirdly, Whatever air or other elastic vapour ia not 
condensed by the cold of the condenser, and may impede 
the working of the engine, is to be drawn out of the steam- 
vessels or condensers by means of pumps, wrought by the 
engines themselves, or otherwise. 

" Fourthly, I intend, in many cases, to employ the a- , 
pan^ve force of steam to press on the pistons, or wliab- 
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T may be used instead of tliem, in the same maaner as 
the pressure of the atmosphere is now employed in cora- 
ooa fire-engines. In cases where cold water cannot be 
had ia plenty, the engines may be wrought by this force 
^rf steam only, by discharging the steam into the open air 
*fter it has done its office. 

" Lastly, Instead of using water to render the piston or 
other parts of the engines air and steam tight, I employ 
Oilfl, wax, resinous bodies, fat of animals, quicksilver, and 
otiier metals, in their ^uid state. 

" And the smd James Watt, by a memorandum added 
to the smd specification, declared that he did not intend 
Ihat any thing in the fourth article should be understood 
a extend to any engine where the water to be raised en- 
a the steam-vessel itself, or any vessel having an open 
immunicatioa with it" 
Such is Mr Watt's simple account of his beautiful in- 
mition — the condenser or refrigerator, which is the cha- 
teteristic member of the modern steam-engine. The fire- 
igine of Newcomen possessed only two principal mem- 
1, to which all the other parts may be considered as 
e appendages. The modern steam-engine of Watt 
jiata of three principal members. The two members 
f Newcoraen's engine are the generating apparatus, by 
^ch the steam is produced from the water and conveyed 
1 the second member, or the apparatus of application, 
e the elastic force of the steam is brought in contact 
ith the piston in the cylinder, su as to produce the mo- 
il required for the mechanical effect of the machine, 
1 thus directly applied to the work to bo done. The 
1 member, added by Watt, is perfectly distinct from 
1 independent of the other two, namely, a refrigerator or 
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coodeoBing apparatna, for recoovertiag the steam, after tt 
baa done its duty in filling the cylinder, into the liquid from 
which it had been originally formed. We have, then, the 
boiler or generator with its ap^iendagea, the cylinder or 
applicator with its appendages, and the refrigerator or 
condenser with its appendages, — the function to be dis- 
charged by the firstofthese bang altogether the reverse of 
the last ; the first producing steam by beat from water, the 
last producing water from steam by cooling. pig. tt. 

The progress of improvement in Jhe steam-"""^'" ^'p™-- 
engine may be very well illustrated by com- 
parison with an early project of Dr Papin, 
who, although he contributed no part towards 
the production of the modem steam-engine, 
nevertheless exercised bis ingenui^ curiously, 
though fruitlessly, upon the project of deriv- 
ing mechanical power from the motion t 
piston in a cylinder, first of all by gunpowder \ 
and afterwards by steam. In Papin'a pro- 
ject, fig. 28, he takes a cylinder, A B C D, 
contdning a piston P, below which 
he places a fire, so as to generate 
steam from a little water in the 
bottom of the cylinder. This 
steam raises the piston, and it is 
evident that on the fire being re- 
moved, steam will be condensed, 
and the piston will again be car- 
ried to the bottom. When with 
the engine of Newcomen, fig. 29, 
we compare this rude project of 
P^iu, in which the steam ia alter- 
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tety produced and recondensed in the cylinder itself, 

[tliich 18 alternately warmed and chilled, we observe the 

mportant change. The heating of the water 

•nd generation of steam are carried on in a boiler, W, 

w remoTed to a considerable distance from, and only 

onnected witli the cyhnder, by a pipe of communication 

ened and shut alterDatcly, Still, however, we have the 

13 of cooling and condensation wholly carried on in 

Btiie cylinder itself, by means of a jet of cold water playing 

Mtiierein. But let us now makeathh-d step, and we arrive 

Bit the model of a machine acting on the principle of Mr 

Wfjit's, fig. 30. As we have already, in the machine of 

comen, a separate heating apparatus, W, conducting 

beateara in a highly rarefied state to the cylinder, so now 

Sua have a vessel, C, placed on the other side, and let 

i» vessel have first been rendered empty or perfectly va- 

mous by expelling and pumping out the air ; and let us 

EiIbo, for the sake of experiment, put a few lumps of ice 

i «alt in the inside and on the outside of this vessel, 

rounding it on every side ; and we shall have a refri- 




8 a counterpart to the boiler, and a type of the 
provement of Watt 
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If we now open the stopcock S, the steam generate 
the boiler will rush into the cylinder, pressing the piston 
upwards; and if the stopcock E be next opened, the stop- 
cock S having been previously shut, the steam in E will 
instantly escape into the vacuum in the refrigerator, and 
being condensed into less than the thousandth part of its 
bulk, will leave the cylinder vacuous. Thus the motion 
of the piston upwards and downwards is effected by the 
inventions of Newcomen and Watt without either apply- 
ing the fire or the cold directly to the cylinder in which 
the power is given out Thus the loss of more than fifty 
per cent is avoided by the separate condenser of Watt. 
Papin's scheme was possible but not practicable ; New- 
comen's was practicable but wasteful Watt's engine is 
practical, economical, aud complete, both in theory and 
in practice, as it renders available all the power of heat 
which the steam cont^ns, with the exception only of the 
very email part consumed tn giving motion to the machine 
itself. 

Figure 31 approaches very closely to the form of Mr 
Watt's first engines. Their details are as follows. A 
represents the cylinder of liis earlier engine, B the boiler, 
and C the condenser, each with its rarious appendages. 
The appendages of the boiler B, are of course, _/; the ftir- 
nace ; g g, small pipes for showing the height of the wa- 
ter in the boiler ; /(, a pipe for supplying the boiler with 
water as it passes off in the form of steam ; s s, a pipe for 
conveying the steam to the cylinder. The appendages of 
the cylinder are, p, the piston, fitting accurately the inside 
of the cylinder, and surrounded with hemp packing, soak- 
ed with tallow and oil, so as to he steam-tight ; the jacket 
or casing, cccc, which prevents the cold mr of the atmo» 
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rSphere from entering into and cooling the cylinder at the 

expense of afterwards heating it by the steam ; and, in- 

i of ailowing such air to enter at the top of the cylin- 

T A, and press down the piston, as in Newcomen's en- 
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ioe, the hot steam i '•ub titiiti d whicfa, being of anelas- 
ialy equal to the force of the atmosphere, pretses it to- 

irds the bottom of the cylinder On this being accom- 
dished, the handle of the valve «' is raised so as to admit 

e steam below aa well as above the piston , which equili- 

lum of upward and downward piessure allows the pbton 
igain to rise, in consequence of a counter weight connect- 

1 with the top of the piston-rod r ; and this opening of 
irhat is called the steam-valve v^ continues until the piston 
I reaches the top of the cylinder, when it is closed. 
fhe eduction valve u^, which is at that moment opened, 
oita the steam to escape suddenly into the condpnser, 
Fhen it becomes water, and leaves the space below the 
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cylinder vacuous, so as to gire free s])ace for the piston to 
be carried down into the cylinder by the pressure of the 
steam upon the top of the piston, lltese, the (.■asing, pis- 
ton, piston-rod, steam-valve, eduction-valTe, and commu- 
nicating passages, arc appendages of the second great mem- 
ber of the machine, namely, the cylinder, by which the 
power of the steam is applied to gi^e the required motion 
to whatever sc^d macliinery may be placed in conueclion 
with the [)iston-rod. The appendages of the condenser, 
C, of Mr Watt are as follows. First of all, a large cis- 
tern, WW WW, of cold water is provided, and furnished 
continually with fresh supplies of cold water, either from 
a running stream or by means of a pump m «, wrought 
by the engine itacl£ In this is placed the condeimng 
chamber C xx, wholly surrounded by the cold water, but 
perfectly empty, exceptrag that a small jet of cold water 
from the exterior is admitted through a regulated aperture 
to play in the inside, by which injection it has always been 
observed that the condensation of the steam is more effi- 
cient than when a casing of metal intervenes between the 
cold water and the steam. The eduction pipe eee, con- 
ducts the steam out of the cylinder by the valve u^ into the 
condenser xx, where it is reduced back into the water from 
which it had been originally generated, ^ow, it must be 
obvious on a little consideration, that the water which is 
injected'into the condenser must rapidly accumulate there, 
becoming at the same time warmed by mixii^ with the 
steam, and so would impede the process of condensation, 
by ultimately filling up the interior of the condensing 
chamber, which should be kept vacuous ; and further, that 
the steam itself, becoming reconverted into water, would 
soon accumiJate in the condenser and choke it up, Hence 
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A priacipal appendage of the condenser is a. large pump, 
irhich is essentiat to its long-continued efficient action, and 
vUch withdraws a portion of the accumulated warmed wa- 
ter from the interior of tbc condenser, and keeps it vacu- 
and because there is generally air in the wat£r, and 
because also air is very apt to insinuate itself by many 
chinks or crevices into the condenser, this clearing-pump 
t be capable of pumping out air as well as water. Tbis 
Appendage of the condenser, represented in the preceding 
figure by i/i/, is generally termed the "air-pump;" a name 
.which but imperfectly expresses its functions. 

Fire being placed under the boiler, ils heat, communi- 
cated to the water, rapidly expands that water, and rare- 
See it into steam, by the addition of more than five times 
the heat which would raise its temperature from the freez- 
bg to the boiling point. This combination of heat and 
irater, forming the steam, rushes along the steam-pipe in- 
to the cylinder casing, and is admitt<;d into tlie interior of 
ihe machinej filling all its chambers and pipes with steam ; 
nit that pardon of the steam which is in communication 
vitb the condenser being instantly chilled by the jet of 
leold water and the cold sides of the vessels in the cold 
well, is condensed, and then the valve i^ being closed so 
AS to admit no more steam into the condenser, and the 
'Valve v" closed so as to admit no more steam into the lower 
t of the cylinder below the piston, there remains the 
idastic force of the steam above, pressing it towards the 
Mttom of the cylinder with a force proportioned to the 
preesore of the steam and the estent of the cylinder. Thus 
I noviug power is generated in the cylinder by the steam, 
irluoh may be conveyed through the piston-rod r, and ap- 
^ed through various meclianism of application to the per- 
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fermaiteeofdiereqinredwocl. Tbe ^eam wUch has fl 
pressed down the [BsIod U now admitted below to neutral- 
ize the ioTce of that which remams; and baring thus 
done its dot;, is agon amafaOated by the opening of the 
eamnnnikatkiD inbi the ctndenaer, into which it rushes, 
and being almoet instaiitty deprived of the heat which 
gaTe it power and magmtod^ there remaiiis nothing except 
the few spooofuls of water frmo which all that Tolame of 
steam had arisei, now lying inert at the bottom of the cy- 
linder. This dead water is not yet cold. It h evident 
that in the primary generation of steam in the boiler, the 
snpply of water most be rapidly diminished by this boil- 
ing off, and that this water most somehow be supplied. 
Now here lies an opportunily for economy : this waste, in- 
stead of being supplied by cold water, may be better re- 
plenished with the water of the condenser, which is highly 
heated in condenang the steam from the cylinder. 

Mr Watt's Engine was first used as a substitute for the 
en^e of Newcomen in pumping np water or draining 
mines. In 1788 it had attained the form represented in 
fig. 32, as placed withm the walls of a building, the ante- 
rior portion of which is omitted to show the machine. On 
the left stands the boiler outade the building; and on the 
right, also outside the bouse, b the large pump, by which 
the wafer is raised, and the work of the engine perform- 
ed. Nearly in the middle stands the cylinder with its 
appendages, and below these are the cold well and con- 
densing apparatus. 

Beginning with the apparatus for generating steam ; H 
is the boiler, of what is called the waggon shape, set in a 
furnace of brick-work immediately over the fire, which 
rests on the fire-bars at p, over a deep ash pit ; the flame 
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fiAEBes under the concave bottom of the boiler to the fur- 
ther eud, and there, instead of proceeding at once up the 
cWmney, returns by » on the left aide of tlie boiler, through 
the brick cliannel or fiue, giving out additional heat to the 
water, and after passing across the front of the boiler, pro- 
ceeds along the right hand flue o to the chimney. The 
draught of the chimney is regulated by the damper r, 
which is lowered into the flue or raised out of it in any de- 
gree by the attendant, and so permits the air to rush wit 
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brad ade of the cylinder, wfaiefa niaes tbe vann water di»- 
durged by the air-pnmp, oDd sends h into tbe boiler ao 
aa to repienisli itx waste : this pipe and pump beiag gene- 
rally named the feed-pipe and tube. Tbe two little tubes 
proceeding from the water in the baHcr are opeai at both 
end*, and have exteroal stopcocks, which are always fihat 
except when the attendant wishes to ascertain the height 
of the water in the boiler ; he then opens these gauge- 
coclui, and, observing whether water or steam issues from 
tliem, forms his jndgmeot accordingly. F b the steam- 
pipe, which carries tbe steam from the boiler to tbe cy- 
linder. 

Tbe second great member of the machine, tbe workii^ 
cyliniler A, is placed in the engine-boose. It contains the 
moving piston B, which commonicates the force impressed 
on it by the steam, through tbe piston-rod e. and the chab 
J", to the end of the great lever or working-beam^ a c, 
which is forced up and down around the fixed centre or 
iron gudgeon b, and so raises or depresses the other end 
of the lever on the right-hand fdde of the figure, and thus 
gives the required motion to A, j, the piston and rods in 
the barrel of the great pmnp, in which the work of raising 
water to a height or from a mine is the useful labour or 
du^ to be performed by the engine. Returning to tbe 
cyKnder at A, we have now to examine the mechanism by 
wluch the steam is admitted alternately above and below 
tbe piston, through the openings or ports which may be 
observed on the right-hand side of the cylinder at top 
and bottom. F is the steam-pipe which brings steam from 
the boiler to the top of the valve passages, and the pipe I 
conducts it down to the bottom valves and port at K, and 
the pipe J forming the eduction -pipe, conducts the steam 
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into the refrigerating apparatus, where it is finally con- 
densed. In commencing to work the machine, the duty 
of the attendant is to allow the steam to pass freely into 
all the pipes, passages, and ports, P G I J, &c, filling the 
qrlinder A, the condenser M, and passing out at an aper- 
ture O, closed by a valve called the blow-off valve ; by 
means of which operation, the whole of the parts being 
filled with steam, are rendered vacuous from air, and thlB 
preparatory process is called blowing through. At G is 
a steam-nozzle and valve, or regulator, which allows the 
gteam to enter the cylinder at the upper part whenever it 
is opened, by raising the metallic cover or valve from the 
opeaiog of the noBzle immediately below, which it exactly 
fits. At K is a simiW contrivance called the equilibrium- 
Talve and nozzle, which admits steam through the pipe I 
iDto the bottom part of the cylinder ; and the third or ex- 
baustioii-valve and nozzle or aperture, allows the final 
egress of the steam into the condenser. After the engine 
has been wholly filled with steam, the piston B, being at 
the top of the cylinder, the injection-cock N is suddenly 
opened, and the cold jet of water playing amongst the 
eteam condenses it instantaneously, forming a vacuum into 
which the steam from the cylinder instantly rushes, and 
ia in like manner annihilated, leaving the cyUnder below 
tlie piston equally vacuous; and of coin-se the steam from 
the boiler^ on being admitted by the valve G to the upper 
nde of the piston, instantly presses it down into the va- 
cinim below with a force proportional to the perfection of 
that vacuum and to the pressure of the steam. Thus the 
engine makes its first stroke, and raises the water of the 
Lt pump on the right of the figure, and the weight of 
the chain, rod, and bucket, and also a counterpoise h, add- 
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ed for restoring the beam to its former poaition, whicli U 
does in the following manner. The equilibrium-valre K is 
opened, and the steam gettiog admission below the piston, 
as well as above it, ceases to urge it in either directdonj 
and being thus in eqviUbrin, the piston would remain pas- 
sively in its place at the bottom of the cylinder ; but the 
counterpoise A, and the weight of the pump-rods and 
bucket in the large pump on the outade, draw down the 
outer end of the great lever or working beam y a e, and 
so raise the interior endy, and the piston B to the top of 
the cylinder. The equilibrium -valve is then closed at K, 
and the eduction -valve L is opened, so as to allot 
steam below the piston to rush down into the com 
and leave a vacuum under the piston, into which il 
mediately forced down by the pressure of tbe steam above 
A as at first, and raising water at the other end of the 
beam through a second stroke; and thua, by the continual 
opening and shutting of the valves by the attendant, the 
engine performs its work. But we have still to consider 
the mechanism by which the machine ahute and opens its 
own valves. For this purpose we Fig. 33. 

have given in fig. 33 two separate 
and enlarged drawings of one of the 
valves and its working gear : — / i I 
is a part of the air-pump rod, form- 
ed of wood, called the plug-frame 
or plug-tree, on which ore two pro- 
jecting plugs of wood to work the 
upper and lower valves ; one of these 
seen at i. As the plug-tree 
moves up and down, the plugs strike the handles or work- 
ing gear of the valves, and open or shut them at tbe pro- 
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nt The valve D E ia tailed a conical valve, be- 
cause the small cover D which closes the opening of the 
nozzle is slightly tapered downwards so as the more rea- 
dily to fit its seat, from which it ia lifted by a small toothed 
rack and pinion c moved by a spindle from without, and 
cominiinicating by rods with the valve gear at r, or at Z 
and T in figure 32. When the plug-frame /iMescends, 
the valve D ia closed by the plug i, and tbe valve K ia 
^n^ and the valve L in figure 32 opened by the plug Y. 

Returning to figure 32, where the condensing appara- 
tos and its appendages are placed almost immediately un- 
der the cylinder, and to the right of it The eduction- 
pipe J conducts the steam into the condensing chamber M, 
wtiich is in the middle of the cold well, wholly surround- 
ed by cold water; and through the regulated aperture N 
a jet of cold water pressed in by the atmosphere is allow- 
ed to play in the Inside of it amongst the steam. P the 
air-pump is also placed in tbe cold well surrounded by 
water : Q the piston or bucket of the air-pump is worked 
i^ and down by the piston-rod Q Y Z ^ from the great 
lever. The valve R closes when the piston descends, and 
opens on its ascent, allowing water and air to pass into 
the ^r-pump, but preventing their return ; and the upper 
valve of the air-purap S allows the escape of water and air 
outwards, but prevents their return ; this valve S leads to 
the hot well T, from which the feed-pump U supplies wa* 
ter for the boiler. 

Tbe great advantage of Mr Watt's form consists in 
avoiding the excessive waste of steam formerly occasioned 
by condensing in tbe cylinder itself. The cylinder now is 
always hot, and therefore perfectly dry. By the time Mr 
Watt had completed these improvements, his experiments 
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fin stean had prco Imi a pretty accurate knowledge of 
its densi^ : and be famid that &e quaotity of steam em- 
plorcd did not aiadi «xceed what would Ull the cylinder, 
80 that T>enr Utile was ttnaroidaUy wasted. But before he 
ooald htiag the engine to this degree of perfection, he had 
aany difficohies to orercooie. He encloBcd the cyUnder 
ini, and that in a wooden case at 
i from it. which effectually prevented all 
1 in tfae inner cylinder from estemal influ- 
ence ; and tfae eoQilensatJon by the outer cylmder was 
vwyanalL 

**I1ie greatest difficult was ta make the piston tight 
Ibe old and tSecOmi method, by water lying on it, was 
inadmisUa He was Aere&re obliged to have his cy- 
linden mry atcdy bored, perfectly cylintkical, and finely 
ptdiAed ; and be made namfaerlesB trials of different soft 
snbstanccs fer packing his jnston, which should be tight 
without much friction, and long remaia eo in a situation 
perfectly dry and very hot 

" An engine of this construcdon, of the same dimeoaoDB 
with an old engino, and Tnaljing the same number of 
itrofces of the same extent, does not consume above 
«te-fiMirtb or «nt-iiird of the fuel that was consumed by 
the best eagines of the old form. It is also Tcry fortunate 
that tbe perfomiaace of the engine is not sensibly dimi- 
nished by a small want of tightness in the piston. In 
the old engine, if air thus got in, it immediately put 
a atop to the work; but here although even a considerable 
quantity of steam get past the piston, the rapiditj- of con- 
densation is such, that hardly any diminution of pressure 
can be observed. 

" When Xewcomen's engines were working underloads 
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inferior to their whole power, they were regulated by less- 
the quantity of injection, or by shutting the injec- 
tioa-coc^ sooner. The new engines may, in some degree, 
■fae regulated in the same manner ; but it is done more 
effectually and economically, first, by limiting the opening 
of the regulating valve which admits the steam above the 
piston, and letting it continuo go far open during the 
whole length of the stroke ; secondly, by letting it open 
fbllf at first, and shutting it completely when the piston 
has only made part of its stroke ; or, lastly, by the use of 
a throttle-valve, which admits no more steam than gives 
tiie deared power. 

" The second of these methods forms the basis of what 
called the Expansive Etifjine, which renders available 
the greater part of the power with which the steam would 
msh into empty space, — a principle which had first occurred 
to Mr Watt in 1769, and was adoptod in an engine at Soho 
ufectory, and some others about 1776, and in 1788 at 
Shadwell water-works, and afterwards described in his 
specification of a patent in 1782, 

" The construetion of this engine is as has been de- 
Boibed. The steam-valve is always allowed to open fully : 
the pins of the plug-frame are regulated so, that that 
valve shall shut the moment the piston has descended a 
portion, suppose one-fourth, one-third, or one-half, 
of the length of the cylinder. Thus far the cylinder is 
occapied by steam as elastic as common air. In pressing 
the piston farther down, it behoves the steam to expand, 
nd ih) ehisticity to diminish. It is plain that this can be 
one in any degree we please, and that the adjustment can 
e varied in a minute, by shifting the plug-pins, 

" In the meantime, the pressure on the piston is conti- 
lually changing, and consequently the accelerating force. 



86 THE BTEAM-BKOINE. 

The motion, therefore, will no longer be uniformly a 
lerated. It will approacli much faster to uniformity ; nay, 
it may be retarded, because although the pressure on the 
piston at the beginning of the stroke may exceed the re- 
sistance of the load, yet, when the piston ia near the bot- 
tom, the resistance may exceed the pressure. 

" We shall give here Mr Watt's theory of the expansive 
engine. 

" Let ABCD (fig. 34.) represent a section of the cy- 
linder, and EF the surface of its piston. Let us suppose 
that the steam was admitted while EF was in contact with 
AB, and that as soon as it had pressed it down to the si-, 
tuation EF, the steam-cock is shut. The steam will con- 
tinue to press it down, and as the steam expands, its pres- 
sure diminishes. We may express its pressure (exerted 
all the while the piston moves from AB to EF) by the line 
EF. If we suppose the elasticity of the steam proportional 
to its density, as is the case with air, (when fie. m. 
its temperature is constant), we may express 
the pressiuv3 on the piston in any other po- 
sition, such as KL or DC, by K / and D c, 
the ordinates of a rectangular hyperbola ■ 
F / c, of which AE, AB are the asympto- 
tes, and A the centre. The accumulated 
pressure during the motion of the piston ^ 
from EF to DC, will be expressed by the area EFcDE, 
and the pressure during the whole motion by the area 
ABFcDA. 

" Now the area EFcDE Is equal to ABFE multipbed 
lD 
TE-'^^ 

, AD 



ffhole area ABFcDA is - ABFE x A + L-^ 



1 
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Thus let tbe diameter of the piston be 24 iuches, and 
the pressure of the atmosphere on a square inch be 14 
pounds ; the pressure on the piston b 6333 pounds. Let 
the whole stroke be 6 feet, and let the ateam be stopped 
when the piston has descended 18 inchesor 1.5 feet. The 

hyperbolic logarithm of — b 1.3862943. Therefore the 

accumulated pressure ABFcDA is = 6333 x 2.3862943, 
= 15112 pounds. 

" As few professional engineers are possessed of hyper- 
bolic logarithms, while the common logarithms are, or 
should be, in the hands of every person who is much en- 
gaged in calculations, let the following method be practis- 
ed. Multiply the common logarithm of j-p, by 2.3026 ; 

the product is its hyperbolic logarithm. 

"The accumulated pressure whUe the piston mores 
from AB to EF, is 6333 x 1, or simply 6333 pounds. 
Therefore the steam while it expands into the whole cy- 
linder adds a pressure of 8781 pounds. 

" Suppose that the steam had got free admission during 
the whole descent of the piston, the accumulated pressure 
would have been 6333 X 4, or 25332 pounds. 

" Here Mr Watt observed a remarkable result. The 
steam expended in this case would have been four times 
as great as when it was stopped at one-fourth, and yet the 
accumulated pressure is not twice as great, being nearly 
five-thirds. One-fourth of the ateam performs nearly 
three-fifths of the work, and an equal quantity performs 
more than twice as much work when thus admitted during 
one-fourth of the motion. 

" Tins is curious and important information, and the 
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adrantage of this method of working a steam-eDgine in- 
creases in proportion as the steam is sooner stopped ; but 
the increase is not great after the steam is rarefied four 
times.* The curve approaches near to the axis, and small 
additions are made to the area. The expense of such 
great cylinders is considerable, and may sometimes com- 
pensate this advantage. 

" It is very pleasing to observe so many uidooked-for 
advantages resulting from an improvement made with the 
sole view of lessening the waste of steam by condensation. 
While this purpose ia gained, we learn how to husband 
the steam which is not thus wasted. The engine becomes 
more manageable, and is more easily adapted to every va- 
riation in its task, and all its powers are more easily com- 
puted. 

I.et the Bteain be etopped at Its performance is 

i .... 1.7 

i .... 2.1 

i .... 2.4 

J .... 2.6 

i .... 2.8 

^ .... 3. 

i .... 3.2 

&c &C. 

* Bat in tlieee oalcuktiaaM no allawHocc hiia been mode fin the | 
of tbe steam (oa well as that of nir and other elastic fluids w 
dealy dilated,) decreasing much more rapidly than in proportion to llie 
danaity ; owing to the fall of temperature which netessorilj' attends audi s 
npid and great dilatation aa the eteam is here to undergo, and which ffluX 
greatly lessen its afiiict on the engine. Stilt, however, unless the expanaive 
sYfllem be carried to excess, it is the most advantageous method of usng 
the sleam, efipeolall)' when of higb pressure ; not only because it tenden 
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** The active mind of its ingenious inventor did not stop 
here. It had always been matter of regret tliat one-half 
of the motion was unaccompanied by any work, It was 
a Tery obvious thing to Mr Watt, that as the steam ad- 
mitted above the piston pressed it down, so sl^am admitted 
below the piston would press it up with the same force, 
provided a vacuum were made on its upper side. This 
was easily done, by connecting the lower end of the cylin- 
der with the boiler and the upper end with the condenser." 

Hitherto we have considered the condensing steam- 
engine of Watt as applied to work the large pumps used 
^ draw water from mines or to supply reservoirs from 
ft lower level. This, indeed, was the most obvious and 
immediate application of the steam-engine which was at 
first introduced as a substitute for the atmospheric pump- 
ing engine of Newcomen. 

The steam-engine of revolution of Mr Watt was an 
invention subsequent to the mining steam-engine or 
" water-commanding machine." Previously to the time of 
Watt, indeed, there had been a few attempts to produce a 
revolving motion by steam, such as the case where the 
en^es of Savery and Newcomen drew up water to turn 
a wheel. There had also been many attempts to apply 
the old pumping engine directly to this purpose — Jona- 
than Hulls, Keane Fitzgerald, Mr Osley, John Stewart, 



of ila force, but bocauM that variable fbrce may be projio> 
lioned to eqiuiliie considiuab]; the action of the enginB. Foe at the begia- 
tung of each etroke, a great effiirt u requircil to overcome the inertia of 
the boun or of any ports havbg a corresponding rociproca^ng motion ; 
whereaa in Ihe lallet part of the utroke, the njomenluoi ivhirh those reci- 
proc&tiDg porta have ac(|uired, is almost sufEcient to continue the motion 
of the engine without the aid of the steam. 



do 
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and Matthew Wasbrough, had all contrived some means 
of producing a revolving inotioii from the reciprocation of 
the great beam ; but Watt's engine alone was capable of 
being rendered an efficient and economical motive power. 
The following is his method of applying it to any machine 
of the rotatory kind. 
" W, fig. 35, represents a very large and heavy I 




On its axis is the concentric-toothed vfheel U. There ii 
attached to the end of the great beam a strong rod T, to 
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I the lower end of wfiich a tootlied wheel W" is firmly fixed 
I by two bolts, so that it cannot tura round. This wheel 
I is of the same size and in the same plane with the wheel 
I C ; and an iron link or strap (which cannot be seen here) 
I connects their centres, so that the one cannot quit the 
I other. The engine being in the position represented in 
I the figure, suppose the fly to be turned once round by 
[ any external forte in the direction of the darts. It is 
[ plain, that since the toothed wheels cannot quit each other, 
I tbe inner half (or that next the cylinder) of the wheel U 
I will work on the outer half of tbe wheel W", so that at the 
I end of the revohition of the fly, the wheel W must have 
I got to the top of the wheel U, and the outer end of the 
[ beam must he reused to its highest position. The next 
I turn of the fly will bring the wheel W and the beam to 
I their first positions ; and thus every two revolutions of tlie 
fiy will make a complete period of the beam's reciprocating 
movements. Now, instead of the fly driving the beam, 
let the beam drive the fly. The motions must be perfectly 
I the same, and the ascent or descent of the piston will pro- 
I duce one revolution of the fly. 

I " It is proper here to give the history of this invention. 
I I had very early turned my mind to the producing con- 
I tinned motions round an axis, and it will be seen by refe- 
I rence to my first specification in 17G9, that I there de- 
scribed a steam-wheel, moved by the force of steam acting 
in a circular channel against a valve on one aide, and 
against a column of mercury or some other liquid metal 
on the other side. This was executed upon a scale uf 
about MX feet diameter at Soho, and worked repeatedly, 
but was given up, as several practical objections were 
fiiond to operate against it Similar objections lay against 
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\T rotative engines which had been cootrived by myself 
I and othere, as well as to the engiDes producnig rotatory 
motions by means of ratcbet-wbeel^ Haring made my 
reciprocating engines very r^nlar in their movements, I 
oouudered how to produce rotadve motions from them in 
the best manner ; and amongst various schemes which 
were sulgected to trial, or which passed through my mind, 
none appeared ao likely to answer the purpose as the ap- 
plication of the crank in the manner of the common turn- 
ing lathe, (an invention of great merit, of which the humble 
inventor, and even its era, are unknown.) But, as the ro- 
tative motion is produced in that machine by the impulse 
given to the crank in the descent of the foot only, and be* 
hovoti to be continued in its a^«Qt by the momeDtum of 
tlic wheel, which acts as a fly, and bong unwilling to load 
my engine with a fly heavy enough to continue the motion 
during the ascent of the piston, (and even were a counter- 
weight employed to act during that ascent of a fly heavy 
enough to equalize the motion,) I proposed to employ two 
engiuea acting upon two cranks fixed on the same axis at 
an angle of one hundred and twenty degrees to one an- 
other, and a weight placed upon the circumference of the 
fly at the same angle to each of the cranks, by which means 
the motion might be rendered nearly equal, and a very 
light fly only would be requisite. This had occurred to 
me very early ; but my attention being fully employed in 
making and erecting engines for raising water, it remained 
in petto until about the year 1778 or 9, when Mr Was- 
brough erected one of his ratchet-wheel engines at Bii^ 
mingham, the frequent breakages and irregularities of 
which recalled the subject to my mind, and I proceeded 
to make a model of my method, which answered my es> 
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lectations ; but having neglected to take out a patent, the 
Dventiou waa communicated by a workman employed to 
make the model to some of the people about Mr Was- 
brough'e engine, and a patent was t^iken out by them for 
the applicatiou of the crank to steam-engines. This fact 
e a^d workman confessed, and the engineer who directed 
the works acknowledged it, but said, nevertheless, the 
le idea had occurred to liim prior to his hearing of mine, 
and that be had even made a model of it before that time, 
>which might be a fact, as the applicatiou of a Bisgle crank 
t sufficiently obvious. In these circumstances I thought 
it better to endeavour to accomplish the same end by other 
means, than to enter into litigation, and if successful, by 
. demolishing the patent, to lay the matter open to every 
'body. Accordingly, in 1781, 1 invented and took out a 
intent for several methods of producing rotative motions 
from reciprocating ones, amongst which was the method of 
the sun and planet wheels above described. 

" This contrivance was applied to many engines, and 
losseases the great advantage of giving a double velocity 
to the fly ; but is perhaps more subject to wear, and to be 
broken under great strains, than the crank, which is now 
more commonly used, although it requires a fly-wheel of 
four times the weight, if fixed upon the first axis. My 
iqiplicatioQ of the double engine to these rotative machines 

I rendered unnecessary the counter-weight, and produced a 
more regular motion ; so that, in most of our great manu- 
Jdetories^ tliese engines -now supply the place of water, wind, 
and horse milln ; Mid instead of carrying the work to the 
power, the prime agent is placed wherever it is most conve- 
nient to the manufacturer." 

" Let us now trace the operation of this machine through 
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■IB ill Apa. I^ m a^p»e tk*l the lower part of the 
CffaajBB,%. 35, »LjWM*iiJ<rf all dastic fluids; that 
Ik avper Mmb^oIic D aad tfae lover edocUon-valve F 
I Art Iko 1 p»» steuD-TslTe E and upper 
e N ac iki. It b erident that the pisurn 
BOit be |RUBul to«aFl tlv battom of tbe cylinder, and 
■nt pall (ion tfae cad of the vorling-'beam by means of 
, dm tooOed nt^ OO and eectar QQ, causing the other 
end of dK hetm lo B;ge fimnid die machinery with which 
Wben tbe pistoD arrifes at the bottom 
of tbe cybader, tbe nltcs O and F are shut by tbe ping- 
ed aod £ and N are opened. ^' this last passage the 
a gets iDlo die «ductioD-{Kpe, where it meets vnth the 
n water, and k r^Mdly coodensed. The steam Irom 
die boiler enters at tbe same time by E, and presfang on 
die lower side of tbe pbtuo, forces it upwards, and by 
tneans of tbe toothed rack OO and toothed sector QQ 
forces up tbat end of tbe working-beam, and causes the 
ether end to u>^ forward tbe machinerv with which it is 
connected ; and in this manner the operation of tlie en- 
gine may be contiDued. 

" The inJecttoD water is continually running into tbe 
eduction-pipe, because condensation is continually going 
on, and therefore there is a continual atmospheric pressure 
to prodnce a jet. The mr which b disengaged from tbe 
water, or enters by leaks, b evacuated only during tbe rise 
of tlie piston of tlie air-pump K. 

" It is evident that this form of the engine, by maintain- 
ing an almost constant and uninterrupted impulsioD, is 
much fitter for driving any machinery of continued motion 
than any of the former engines, which were inactive dur^ 
ing half of their motion. It does not, however, seem to 
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ttve this superiority when employed to draw water ; but 
t is also fitted for this task. Let the engine be loaded 
irith twice as much aa would be proper for it if a single 
>ke engine, and let a fly be connected with it. Then 
t is plain that the power of the engine during the rise of 
he ateam-piston will be accumulated in the fly ; and this, 
Q oonjunction with the power of the engine during the de- 

mt of the Bteam-piston, will be equal to the whole load 
if water." 

Mr Watt had forgottfiu the date of the invention of tlie 
double acting engine of revolution, but a drawing of it was 
produced in the House of Commons in 1774. 

" Fig. 36 ia a vertical and fig. 37 an horizontal section 
S one of the Albion Mill Engines, being one of the earli- 
8t double engines made for sale. 

•' The steam-pipe F conveys steam from the boiler n to 
he cross-pipe, or upper steam-nozzle G, and by the per- 
pendicular steam-pipe I, to the lower steam-nozzle K. In 

i nozzle G is a valve, wliicli, when open, admits steam 
•into the cylinder above the piston B, (fig. 36,) through the 

Iliorizontal square pipe at its top ; and in the lirwer steaoi- 
taOKzie K there is another valve, which, when open, admits 
Bteam into the cylinder below the pbton. In the upper 
exhaustion-nozzle H is a valve, which, when open, admits 
steam to pass from the cylinder above the piston into the. 
exhaustion-pipe J, which conveys it to the condenang-ves- 
sel M, where it meets the jet of the injection from the cock 
N, and is reduced to water ; and, in the lower exhaustion- 
ule L, there is also a valve, which, when open, admits 
1 to pass out of the cylinder below the piston, by the 
idaction-pipe, into the condenser M. 
** The piston being at the top of its stroke, the valves 




THE STEAM- ENGINE. 



G and L are to be opened, and the fly-wheel m turned by 
Iiand about the eighth of a revoludon, or more, m the di- 




rection in TThich it ia intended to more ; the steam which 

19 then in the cylinder will pass by L into the condenser, 
when, meeting the jet of water from the injection-cock, it 
will be converted into water, and the cylinder thus becom- 
ing exhausted, the steam, entering tho cylinder by the 
valve Gr, will press upon the piston and cause it to de- 
scend, while, by its action upon the working-beam through 
the piston rod, &c., it pulls down the cylinder-end of the. 
beam, and r^ses up the outer-end and the connecting rod 
/i, which causes the planet-wheel i to tend to revolve rouod 
the sun-wheel^',' but the former of these wheels, being 
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:ed upon tlie connecting-rod su that it cannot turn upon 

. own axis, and its teeth being engaged in those of the 

n-wheel, tlic latter, and the fly-wheel, upon whose axle 

»r shaft it is fixed, are made to revolve in the deared direc- 

[, and give motion to the mill-work. 

' As the piston descends, the plug-tree Z also descends, 

a clarap, or slider y, fixed upon the side of the plug- 

ree, presses upon the handle 1 of the upper Y-shaft, or 




i thereby shuts the valves G and L ; and the same 

ition, by disengaging a detent, permits a weight sua- 

1 to the arm of the lower Y-shaft to turn the shaft 

1 its axis, and thereby to open the valves K and H. 
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Just before the opening of these valves, the ] 
reached the lowest part of its stroke, and the cylipder 
above the piston was filled with steam ; but as soon as H 
is opened, that steam rushes, by the eduction-pipe J, into 
the condenser, and leaves the cylinder empty above the 
piston. The steam from the boiler entering by I and K, 
acts upon the lower ade of the piston, and forces it to re- 
turn to the top of the cyhnder. When the piston is very 
near the upper limit of its stroke, another slider a raises 
the handle 2, and in so doing disengages the catch, which 
permits the upper Y-shaft to revolve upon its own axis 
and open the valves G and L, and the downward stroke 
recommences as has been related. 

When the piston desceuds, the buckets R, T of the ^- 
pump P and hot-water pump T also descend. The water 
which is contained in these pumps passes through the valves 
of their buckets, and is drawn up and discharged by them 
through tho lander or trough t, by the next descending 
stroke of the piston. Part of this water is raised up by 
the pump V, for the supply of the boiler, and the rest runs 
to waste. 

The reader who wishes further details concerning the 
steam-engine of Mr Watt, will find them in the descrip- 
tive portion of this treatise, in the sequel. 

The history of the steam-engine in a great measure ends 
with the histoiy of Mr Watt's labours. There are, it is 
true, many parts of the steara-en^e that have been alter- 
ed, simplified, or adapted to peculiar uses and circum- 
stances since his time ; but these are matters of minor im- 
portance, without which the engine would not have been 
materially curtailed of its prebieut efficiency. It is a re- 
markable fact that the steam-engine lias scarcely received 
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' very valuable improvement since his time. He, in 
feet, rendered it a machine nearly perfect. The testimony 
of Mr Farey upon this subject is explicit, and must be- 
conclusive on the subject with every one who has the 
nieaiiB of ascertaining the very high estimation to which 
the knowledge and practical skill of that excellent writer 
pn the steam-engine most justly entitle him. " It is a 
dpcumstance," says Mr Farey, (Steam'Eiiifine, p. 47.3,) 
" highly creditable to Mr Watt's character, both aa an 
original inventor and as a practical engineer, that his first 
double-revolving engine, wliich he made in 1787 at the 
Ubion Mills, performed quite as well as any engine which 
las ^ce been constructed to employ steam on the same 
priudples. Some important improvements have been 

ide in the construction of modem engines by substitnt- 
iDg caatriron and stone-work in the place of wood, and by 
^tting the parts together in more substantial modes; 
Mit all those essential forma and proportions which affect 
flie performance of the machine, were so ascertained by 
ibe first inventor, that no Improvement has been since 
made in them, and every departure from those forms and 
ijiroporlions has impaired the performance in a greater or 

B degree."" 

Thus have we taken a rapid survey of the history of the 
io-«ngine. We have omitted the names of many in- 



' tn the Bpecificationa of Mr W^att'spatentsare ini^luded varioua invcn- 
ni which hme been brought fgrword bj olheTB aa new, nl nioro recent 
to; w (hr instunce, the direct acting steam hammer patented in 1806 
Mr DetereU ; and sgain in ISIS bj Mr Nasmyth, who has no Binall 
nit in having put it in practice on a grand scale and with great success, 
lb H a forge hammer and also aa a pik driver, la simplicity, docility, 
i ^dancy, it greatly excels any former lucthods of moving hammera 
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dividuals who have distinguished themselves by ingeimity 
directed to this subject We have omitted the labours o? 
Grebert, Alberti, Cardan, De Caus, Branca, Morland, Pa- 
pin, Amonton, Leupold, Meyer, Bosfrand, G-essanne, and 
a hundred others who have, all in different degrees, ex- 
pended ingenuity upon the application of steam to the pro- 
duction of mechanical power ; and these we have omitted, 
not because we consider their labours either undeserving 
of notice or uninteresting to the general reader, but be- 
cause they have not contributed towards the production of 
the modem steam-engine, and because an account of their 
works would rather serve to illustrate the possible varie- 
tiea of the machine and the fertility of the human mind in 
mechanical devices, than either to conduct the reader 
along the stream of historical succession, or reader Irim 
better acquainted with the nature and raechaoical peculia- 
rities of the steam-engine itselt 

Part EL — Debcription of the Modkrn Stbj 
Engine. 

Of modern sfeam-engines there are two distinct s 
—the high-pressure and low-pressure engines The for- 
mer is simple, light, and of few parta, generally used for 
locomotive engines, steam-carriages, steam-vessela of a 
light and rapid construction, and such other purposes as 
require portability or cheapness. The latter is more com- 
plex, but more effective ; more expensive in origmal con- 
structiou, but more durable and more economical in ctin- 
sumption of fuel. The first is more commonly used in 
America, the latter in this country. The liigh-prcffiure 
cnguae is sometimts also called the non-condensing steam- 
engine, to distinguish it from the low-pressure ( 
which is also called the condensing steam-engine: 
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e 18 sometimes a combination effected of some of the 
arts and priociples of both these species, in what is called 
I high-pressure condensing engine, by which, for certain 
urpoaes, the peculiar meritit of both species are combined 
1 the same machine. 

Of tliese two sorts of steam-engine, it is remarkable 
bat the more elementary and simple — that which Is the 
lore eaaly conceived and understood — was not brought 
nto practical use imtil long at^r the other kind had been 
{ extensively used and made known by its inventor, 
lanies Watt It appears to us, that we are to consider 
Oi-rvEH Evans of Philadelphia as the first constructor of 
the modern high-pressure engine.* Before 1786 he had 
ted and made esperiments upon a high-pressure en- 
ine, which seems to have been in all essential respects si- 
milar to our own. Indeed, it appears that the Americans 
lave taken the form and arrangements of their engines- 
from Evans, aa implicitly as in tMs country we have 
idt^ted those of Watt. The history of Evans consists 
dmost entirely of the romance of real life. Sanguine 
lod eaei^etic, he continually encountered difficulties only 
e them, and to encounter renewed disaster and 
disappointment, till he at length died of a broken heart, 
fo him we attribute the rapid advancement of America, 
it the commencement of the present century, in all that 
a to the introduction of the steam-engine in Its niul- 
irious applications, and especially in steam navigation. 
Eie bad awakened in that nation a lively sense of the ad- 
8 they were likely to derive from the power of 

t' title to priority in this inieation must be reatucted to his piit- 
pnuiljce ; bLiAUSC Mr Watt hail pre<iiDUs)y included it in the 
ofhupDtentH. 



ttann, aad fbtai m dor bmds sa n utnim ent well fitted 
tor their lar^ and wUdi Aej wse Dot ^w to adopt aad 
apply. 

The Ingb-prcEEnre or iKMKaaieBsiBg aigtoe consists of 
bro prindpal memlxTB, ff tMra tor or Mfar and working 
^FioMfcr', eac^ with sasdiy ^penda^s. The low-pressure 
im-a^De conststs of dirte principal 
', tyBader, suA rtfrigerator or conden- 
*er, each with stmdiy af^iendage^ 

The generator and working cylinder, nidi their append- 
ages are nearly the same in both kinds of steam-engine, 
the presence of a WHidenser or refrigerator forming the 
prindpal and almost only distinction of the second speciee. 
By this second species the steam is returned into its first 
state of water, thereby effecting a saving of heat and of 
mechanical power : whereas, in the first form of engine, 
the steam, before spending nearly all its power, b dis- 
charged into the open air as useless ; a process which can 
only be advisable in circumstances where the labour and 
apparatus for condensing would cost more money, and 
cause more inconvenience than would countervail the loss 
of fiiel and heat and power. 

Ah, therefore, the high-pressure non-condensing steam- 
engine is ampler in its action and construction than the 
low-pressure condenang engine, it is convenient to consi- 
der, in the first instance, its mechanism and management, 
and afterwards, how far it may require to be modified in 
order to acquire the advantage of condensation. 

The High-Pressure Non-Condensing Steam-£tigine. 

The elastic force of steam is a phenomenon with which 

we become acquainted very early in life. We see that 
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^lien water boils violently in a kettle or caldron which is 
"closely fitted by a lid or eoser, it has a tendency to raiss 
it up or di'ive it off with considerable force ; and that the 
«teani, collecting in the upper part of the vessel, rushes 
*ith conBiderable velocity out of any crevice or pipe which 
commtmicates with the open air. 

The force of the steam which is thus issuing from the 
spont of a kettle or crevice in the cover of a caldron is 
comparatively slight ; and the steam which thus rises from 
boiling water is called low-pressure steam. But if we 
Stop up the spout and close the cover with accuracy, so as 
to confine the steam within the kettle or boiler, the water 
will become hotter and hotter, and the steam stronger and 
Stronger, until it ft-ill either force up the cover with vio- 
ence, or altogether burst asunder the sides of the boiler. 
in this confined and heated state the steam acquires, from 
Is properties, the descriptive appellation of high-pressure 



Engineers are in the habit of reckoning the high-pres- 
ore of steam by a very simple expedient They place a 
reight such as W {fig. 38) upon pi^. 3^ 

I hole on the top of the boiler. „ 

IThis hole bemg square, and an 
nch in length and breadth, and 
weight being one pound 

sn the steam is strong enough 

1 to blow the weight ofl^ the 
ole, they call that sfeam of an 

itic force equal to one pound 
I the tquare mch They then 
aofi A weight of two pounds 
pon this hole of a square inch 
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and increase the heat tmtil the steam just blows H off, and 
diat hcaMediteain ofthepressurr ofboopuunih onthe square 
iaclt. And, id like manner, when steam is confined and heatctl 
until it acquire force enough to blow weights of three, four, 
fire, fifteen, or fi% pounds off an aperture of just a. square 
inch in extent, that is technically called ^eam of llie this- 
tie prtemre of Utm^ftMr,fifieen^ and fifhf pounds on the 
iquarr inch, over and above the pressure of the atmosphere. 
It is difficult to say whether there be any limit to the elas- 
tic force which steam may acquire from increased tem- 
perature and confinement : it is known to be even as power- 
fully elastic as gunpowder, and pressures of one tboi 
[Munds an inch have been produced. 

The pressures generally adopted for higb-pressure 
gines are from fifteen to one hundred and twenty pounds 
on the inch, above that of the atmospheie. Of coarse, 
when there is a given pressure on any one inch of the sur- 
face of a boiler, there will be the same on every other inch 
of it ! and if the aperture under the weight be any num- 
ber of times greater than one inch, it will just require so 
much the more weight to keep it closed. The standard 
by which the pressure is reckoned and calculated is, how- 
ever, always the square inch. 

Safety-vahe. — By placing a movable w^ht on an aper- 
ture of given size in this manner, the engineer not only 
ascertains the amount of the elastic force of the steam 
tending to burst the boiler, but also constructs a valve by 
which to avert the danger of such an explosion. Dr 
Desaguliers relates a circumstance which happened very 
early in the history of the steam-engin^ when, for want 
of proper precautiooB of this nature, " the steam hurst the 
boiler with a great explosion, and killed the poor man who 
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stood near, with the pieces that flew asunder, there being 
otherwise no danger, by reason of the safety-valve being 
made to lift up and open upon oecasion." Now, a given 
w«ght of lead or iron laid on a hole in the top of a boiler 
so. as to close it, is a sutEcientand common form of safetj- 
valve ; for whenever the pressure of the steam becomes 
suffident to raise the weight, it escapes through the open- 
ing into the air without doing any mischief. A large 
weght of lead, simply placed on the opening, is a vei-y 
common and simple mode of {iroviding for the safety of 
the apparatus. 

But this plan becomes inconvenient when the pressure 
and weight are great, l)ecause it is then so high as to he 
unsteady ; and, in order to remedy the inconvenience, 
what is called a valve is used, distinct from, and in addi- 
tion to, the weight, as shown in fig. pig. 39, 
39. A valve^seatni, formed of cast _,Ov 
hrasa, is fixed in the aperture, and f^^^V^ 
is accurately fitted by the conical 
valve itself c d, the edges of which, 
at c and d, are carefully turned and t 
tapered, so as to fit the neck of a b, and ground in its place 
to be perfectly steam-tight." A spindle protrudes down- 

* It hod been lung known to the more intelligent aitiata that metallic 
vahe^HB which have beeu ground with emery powder can aoircely ever 
ag^ be freed &om it, and therefore tliej employed pumicE in grinding. 
Bnt it is not long aarx the rapid wear oecaaioned hy emery being imbed- 
><bd in llie working sur&cee of eteam-entpnes, began to attract notjoe and 
la be guarded againat r so that among the better jnibrmad en^eers the use 
of ranray ia nearly given up, especially in grinding of ralvea. It haa been 
K »«y common hut ruijioua praaticc to mix emery in the gteaae applied lo 
n«w nuchinery, with the design of smoothing the working sur&ees, whereas 
h mtbet insures that they ahall nevoi become smooth. 
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L wds frmn the ralre thrmigh a guide vbich keeps it in a 
fltraiglit line, and prereots it from Cilliiig on one »de of Uie 
valve after having heai raised. Thi« same spindle, rising 
upwards, carries opon a croBS-lar a series of large cylin- 
drical weights, wlijch may be Increased or (liminished in 
Dumber as the case may reqnire. 

It is a practical fault of this valve tbat the tall erect 
spindle may easiy become bent or injured by accident, 
and also tliat the weight upon it may too eaaly he handled, 
so as wantonly to be increased ; bence, a safety valve, with 
an internal weight, has been contrived in the following 
shape. A conical valve is 
placed in its seat in every 
respect as formerly, only^'.. 
the spindle docs not rise np 
hut bangs down among the 
steam, terminating in a 
chain and weight. 

In all these modifications the weight on the safety-valve 
becomes large and cumbrous when the pressure is great ; 
and a contrivance was devised very early in the history of 
steam to obviate the inconvenience of this plan, under the 
■ name of the lever safe^-valve. Instead of placing a great 
I aeries of weights on the valve itself, a single weight is hung 
on the end of the longer arm of a lever so as to produce 
an effect proportional to its distance, and this lever being 
graduated, shows the amount of the effect which ia thus 
produced. In the figure, the valve, valve-rod, and apiadhf' ] 
are all arranged as for- ^ *"'ti-^'- ^H 

merly : but a lever, >/ k, i 

L the top of a small 
hemispherical button on the 
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Talve ; and the one end ff being a fulcrum, the weight W 
is sospended by a ring from any point of the lever. When, 
at the point 4, as in the figure, ita effect on t!ic valve is four 
tames as great as if directly upon. The effect of the lever's 
own weight will, in this case, be also equivalent to a certain 
number of pounds on the valve, which, being properly 
eatiinated, the lever safety-valve may be used to indicate 
with accuracy the preasm-e of the steam. 

Another form of valve baa been proposed, as indicating 
still more correctly the point at which the pressure of the 
steam is equal to the pressure on the valve. It is a cylin- 
der or flat valve, acted on by a lever and weight ; and 
there are weights on opposite sides of the lever, wliich has 
alflo equal arms. These weights rest on light rollers so as 
to run down from their places and release the steam en- 
tirely, wliencver its pressure reaches the prescribed limit 
This is the valve of the 

French Academy and ^ ^rs:=5^^^ 

Franklin Institute. 

Another form of valve, '^^ 
also cylindrical, was '"' 
iised by Mr Southern 
for his delicate experiments on high-pressure steam. The 
<^Iinder of tlie valve-seat used in the former figures is pro- 
longed upwards, so as to form a vertical cylinder or tube, 
in which a plug of metal is exactly fitted. This plug ia 
grotmd with great care, so as to move freely but steam- 
tight in the cylinder ; and a rod from the cylinder passes 
up through a hole in the top, and is kept down by a lever 
and weight. A hole in the cylinder allows the steam to 
escape whenever the pressure on the valve upwards ex- 
ceeds the pressure of the lever and weights in the opposite 
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direction. The in- 
(tications of tliis 
instrument are 
found fo be very 
preciBC 

Another species 
of safety-valve haa 

of late years come into nse, called the 
^ring-valve. It is of two liinds, with 
a lever and without it That without 
the lever ia represented in fig. 45. A 
series of bent springs, spspsp sp, &c., 
are placed alternately in oppoate di- 
rectiona, in the square frame \9 k k I, 
and are forced down upon the valve at 
«, by a cro83-bar k k acting at m — a 
small screw at m adjust- 
ing the pressure by com- 
pressing or releasing the 
spring. 

The other tbrm of 
spring safe^-valve inter- 
poses a lever between the 
safety-valve and the 
spring. S T, fig. 46, is 
what is commonly called yi 
a Salter's spring balance, ff 
the box X y containing a 
spiral spring, which is 

compressed in the box when the end S is drawn away ft 
or raised above the point S. Tlie finger-screw S adjiuts 
the degree of tension on the end of the lever. The lael 
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two ^teciea of safety-valve are used in locomotive s 



A totally di^rent method of indicating the pressure of 
steam in a boiler, is by what is eallcd a mnTurial ^luft, 
communicating with the boder. Mercury is poured intij 
a bent tube, one end of which springs from tbe boiler, and 
the other end is exposed to the air, so that the steam by 
its pressure raises the mercury in the str^ght limb of the 
tube to a height above the level proportioned to that pres- 
sure. In the figure, n r rf p is the bent tube, communi- 




\^ 



catjng with the boiler at u, and open at the end c, the steam 
presses on tbe end c of the mercury, and raises the other 
extremity of the fluid to the height C. From calculating 
the weight of mercury, it is reckoned that, for every pound 
of pressure of the steam in the boiler, there is an inch of 
mercury r^sed in the tube ; so that, if the space rf C be 
B inches, a pressure of nine lbs. on the square inch in 
the boiler is indicated. Sometimes also a small float of 
iron is placed on the mercury, which, carrying a slender 
rod with an index, points the elei'atioii of the mercury on 
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a scale above the gauge. It is evident tliat this instzu- 
ment also acts as a safety-valve, iaasmuch as the steam, 
when too etrong, must forw; tlie niercurj" entirely over the 
top of the tube, and mate its escape, A double pipe, on 
a larger scale, with water in it instead of mercury, would 
answer equally well ; only the water would rise one foot 
and an inch for every pound of pressure of steam in the 
leg of the double tube, and twice that quantity if the tnbe 
were single; which would give a scale of 16^ feet in a 
double tube, or 33 feet in a angle tube, as the column of 
water raised above the level by a pressure of 15 lbs. on 
the square inch. 

It is convenient to reckon the pressure of steam in 
ger numbers thau pounds, and the quantity that has 
fixed is a weight of 15 lbs., or a stone weight, per square 
inch ; and to this weight the name of an atmosphere of 
pressure has been given, simply because the common at- 
mosphere of air presses on all bodies with a weight of 
nearly 15 lbs. on the square inch. Thus steam liaving a 
pressure of 15 lbs. on the square inch, is called high-pres- 
sure steam of the elastic force or strength of one atmo- 
sphere ; and that having a pressure of 30 lbs, is said to 
have an elastic force of two atmospheres ; 45 lbs. of three 
atmospheres, &c. Sometimes, however, a nomenclature 
rather different is adopted, and the common steam of boil- 
ing water, which exerts no further pressure than merely 
to. balance the atmosphere, is called steam of one atmo- 
sphere; and in this case the elastic force which has been 
called one atmosphere would be considered as two. This 
nomenclature will be rendered evident by the following 
table: 




NOMENCLATURE 



High -pressure Steam of 
lbs. on the square inch is called atmos. or 1 atmos. 





2 3 






60 


4 5 






90 


6 7 


lOS 


7 8 



&C. &c. &c. 

Owing to this ambiguity in tiiese technical measures, it 
Is always necessary to observe, and to specify, whether the 
pressure intended be pressure total or excess above the at> 
moephere of air. If, for esaniple, four atmospheres be 
specified, it must be considered whether four above the 
pressure of the atmosphere be raeant, as in the tirst column 
of the table, or four including the atmospheric air pressure, 
in which case the number in the second column is meant ; 
a the former case, steam of 60 lbs. on the square inch 
IB meant, and in the latter steam of only 45 lbs. above the 
atmosphere. 

Such are some of the various methods by which the 
elastic force of high-pressure steam in a boiler may be es- 
timated and sliown. We have next to consider the man- 
ner in which that force may be applied to the useful pur- 
e of forming a high-pressure steam-engine. 
We have already seen how the force of steam, confined 
a a close boiler and lieated until it acquires high pressure, 
cte upon every point of the surface in wbich it is enclosed, 
; to press it asunder ; and how, by sufficiently con- 
ing and heating it, weights of five, fifteen, or fifty pounds, 
; on only a single square inch of surface, may bo 
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supported and upraised. To apply this force to tlie rais- 
ing of great weights, is sometimes the object of the high- 
pressure steam-eogine ; and it has been calculated tliat 6 
lbs. of coal, applied in heating 6 gallons of water Into 
steam, has sufficient force to jicrform the most arduous la- 
bour of a man for a whole day. 

One of the amplest and earliest applications of the forne 
of high-pressure steam to rai^ng weights, is the following 
given by Jacob Leupold, in bis Theatrum Machinanmt 
HifdrauUcarvm, Leipzig, 1725. We have r\g.ie. 

already seen that the boiler C, fig. 49, 
being placed on a fire, the elastic force of 
the steam will raise a weight resting on 
an aperture. Now, if we conduct the 
i^team in a pipe into any other vessel, 
such as the cylindrical tube F, in which 
there is a piston or movable plug D, on 
the top of which rests the weight E, by a 
metallic rod E D, connected with the pis- 
ton, and passing freely through a hole in i 
the top of the cylinder, it is manifest that 
when the steam becomes strong enough 
to overcome the pressure of the weight, 
it will raise up the piston to any required hmgbt. If 
the weight be 15 lbs., and the surface of the piston one 
square inch, and if the pressure of the steam exceed that 
of the atmosphere by more than 15 lbs., it will overcome 
the weight and raise it. II' the surface of the piston were 
double the size, or two square inches, then each inch be- 
ing acted on byaforceof more than 15 lbs.j the two inches 
would raise double the weight, or 30 lbs., and so oa i 
any number of square inches. Thus if the ] 
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inches in diameter, which would have a surface of 
)ut 12 square inches, on each and all of which a surphis 
■ffiure of more than 15 lbs. was sustained, there might 
a total weight of 12 times 15, or 180 lbs., raised to the 
top of the cylinder. The boiler being removed from the 
and allowed to cool, the piston would again descend, 
laid this operation might be repeated as often as recjuired. 
But Leupold also gives the following more convenient 
fcrm of the apparatus, ha which it is unnecessary to re- 
move the fire. The 
I»aerGH,fig.50,hav- 
'ing a. constant iire un- 
der it, communicates - 
with the cylinder A B C [[ 
through a passage i 
gutated by a common / 
Itopcock S, which 

at S' as shut by turning the handle. Tliis stopcock 
in the position S', or closed until the steam in the 
boiler is of suffident force, and then by turning the stop- 
cock into the portion S the steam entering the cylinder 
pushes up the piston together with the great weight E as 
before. The piston will descend to the bottom, by allow- 
ing the cylinder to eool, and the weight may again be 
ruaed as at first 

But the most perfect of Leupold's machines is that in 
figures 51, 52. It is a true water-pumping high-pressure 
steam-engine ; and might be efficiently used without any 
&ittfration at tbe present day, only the modern machines 
do the work with less fuel. Two pumps, T, V, for raising 
water are directly worked by steam, by connecting tbe 
handles G, H of these pumps with the pistons of two liigh- 
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pressure cylinders, C, D, in such 3 manner, tbat wfaentl 
pistons are raised by the steam the wat£r is forced 19 ]| 
the pump-pipe K. 

In figure 51, at A C the steam is entering the cylinder 




C, and pushing up the end of the lever G, so as to foTi 
the water ; and in figure 52 the steam is shown entering 
the cylinder D, to work it. This change is effected by 
turning round the disc A F into the position wliich re- 
VBTses the passages. Thus, while the steam is entering 
the cylinder C, fig. 51, through A C, the steam from the 
cylinder D is escaping through E F into the open air ; 
ajid in fig. 52 the steam is passing into the cylinder D 
through A E, and out of the cylinder C through C F. 
The action of this four-way stopcock is very simple and 
beautiful, and deserves to be carefully studied. By con- 
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tinually turning it id one direction, communications are 
simultaneously effected between the boiler and each of the 
cylinders alternately, and between each cylinder and the 
Open air. We shall afterwards revert to this mechanism. 
The modern steam-engine of high pressure is in many 
respects analogous to the machine of Leupold. It will be 
readily understood from the following illustrations. The 
s called double acting, because the steam not only 




I enters tbe cylinder below the piston to raise itj but also 

1 above the piston forcibly to depress it The boiler B is 

I on the left of the figure ; the pump, for raiang water from 

! rescrvou- K to the reservoir R-, is on the right ; and 

the cylinder C in the middle. Prom the boiler a tteam- 

B S S proceeds to the upper and lower parts of tbe cy- 
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linder C ; and on the right hand side of the cylinder there 
are two eductioji-valves E' and E^ to allow the steam to 
pass into the upright eduction-pipe which discharges it into 
the open air, after it has performed its duty, but having 
still an atmosphere of its force unspent. The [lislon P ia 
accurately fitted into the cylinder, bo as to be air and steam 
tight, and the piston-rod p ia made to carry with it the end 
of the lever L F L, and work the pump W W. Perhaps 
tiie only difficulty in understanding the mechanism of the 
douhle-acting steam-engine, lies in the construction and 
operation of the valves. S', S^, E^, E* are four plugs. 
each capable of exactly filling up the passage in which it 
is placed, like S*, E', or of being withdrawn from it, 
like S', E^ Therefore it is evident that in figure 53 
the steam has free access under the upper valve S', 
into the cylinder above the piston, so as to press it down. 
In fig. 54, the case is shown reversed : the valve S' is shut 
down, allowing steam to pass only under S*, the lower 
' valve, so as to enter at the bottom of the cylinder and 
force the piston up. The arrangement of the eduction- 
valves E^ and E* is also to be ob- 
served. In fig. 53, where S' is open 
and S* shut, E^ is also open, and E^ 
shut; so that, while steam enters free- 
ly under S' on the upper side of the 
piston, pressing it down, there is a free 
passage for escape of steam from the ^ 
under side of the piston, by the bot- 
tom passage under tlie valve W, and 
then up the eduction-pipe to the open air ; and when the 
whole is reversed, as in fig. 54, the steam valve S* at the 
bottom being opened for ingress of steam below the pis- 
ton, and E^ being also raised, gives free egress to what 
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was formerly admitted above, so that it may now pass un- 
der E' and up the eduction-pipe into the open air. Thus, 
then, by opening and shutting alternately each of the two 
pairs of valves, first the under steam-valve and upper educ- 
tion-valve, and then the upper steam-valve and under educ- 
tion valve, so as first to allow steam to enter above and 
escape below, and then to get in below and out above, the 
one pair being always shut when the other is open, the 
vhole effect is accomplished. 

It is an object of great importance to the precision of a 
macUne's operation, that it should be self-acting or auto- 
matic i that is to say, that it should not require for its suc- 
cessful action the continual assistance of an attendant. In 
the machine just described, the valves are supposed to be 
opened and shut by the attendant With the following 
ample mechanism the valves are opened and shut by the 
machine itself: — 

The tfto valves S' and S* are connecf«d together by a 
str^ht rod, and the two edaction-valvea E', E^ by another 
straight rod ; these valve-rods are made to rest on oppoate 
ends of a lever I /, which turns on a centre 0. By this 
simple arrangement it is brought about that the pair of 
valves S^, S^ being depressed, as in fig. 55, the other pair 
E', ^ are raised; but when, as in fig. 56, S', S* are raised, 
K and E* are depressed, while at the intermediate posi- 
tion both are situated similarly to each other. In the next 
place it is to be noticed, that the rod E^ W is prolonged 
to T upwards, and that it carries two projections fixed to 
it at M and T. These projections are struck by the lever 
LL as it rises and falls. When, in fig. 55, the lever is 
making its downward stroke, it comes on the plug M ; and 
pushes it down, first into the middle position, and then in- 
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to the position of fig. 56. The steam then entering be^ 
low, raises np the piston to the top of the cylinder, and 




with it raises also tbc lever, which striking on the upper 
plug T, carries it upwards, raising the eduction- valves E', 
t?, and allowing the opposite valves S', S^ to descend in- 
to the poffition of fig. 55, as at first. This operation being 
repeated, so that at the end of each upward and downward 
stroke, the descent and ascent of the piston and lever pre- 
pare the valves for producing the inverse effect, and giv- 
ing the nest succeeding stroke, the machine becomes inde- 
pendent and automatic. It is not long since these simple 
valves were first introduced in the steam-engine. 

Considerable ingenuity lias been exerted with the view 
of forming all tliese communications by means of two pas- 
sages, instead of four. The following diagrams are de* 
signed to explain the manner in which this has been effect- 
ed, by a four-way cock, similar to that introduoed 1 
Leopold into his high-pressure engine. For this p 
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the steam-pipe S, the eduction-pipe E, and the pipes of 
the upper and lower ends of the cylinder, are all brought 
the circiunference of a single circle, so as to form a 
St George's cross, as in fig. 57. A metallic circular disc 
O P O B, with two ciu-ved channels comniimicating at 
successive quadrants of a circle, as shown in fig. 58, is in- 
serted in this circle, so as to fit it exactly, and to be moved 
round hy a handle H. In fig. 59, this valve is represents 
1 the working poation, a communication being formed 
from S to A, and the other from B to E; and, in fig, GO, 
the handle being pushed down, a communication is made 




'betvi^t S and B, and between A and E. The means of 
this is given in fig, 61. A vertical rod T 'P be- 

(pended from the great lever, with two plugs T, T*, 
by wbicli the handle H of tlie valve is raised : in that po- 

the steam enters at S, and passes up the superior 
[faaeage into the top of the cylinder, forcing the piston 
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Another form is that called the long slide or long D- 
valve, the inventioQ of Mr Murdoch, whicli gives the ad- 
vantage of shutting off the steam, close to its ingress into 
the cylinder ; and so saving what in the cromnion short D- 
slide is lost in the passages from A and B to the ends of 
the cylinder. It is formed thus. The valve-chest extends 
along the side of the cylinder. It is shown in fig. 6% 
without the valve. In figure 68 the long D-slide valve 
shown separately. It is a sort of pipe extending along the 
whole length of the cylinder. Towards the ends, this pipe 
is almost semicircular, with two narrow flat plates capahle 
of covering the openings or ports of the cylinder. This 
pipe ']& left open, and perfectly clear from the one end to 
the other, so that the fig. bj. Fig. i»- 

steam may traverse it 5™ 

freely lengthwise. The Ep-=jp==i!L^ 
steam-pipe is rcpre- |l " 
sented as entering the j 
valve-cliest from helow 
at S, and the eduction- 
pipe in the middle as 
at E. In this valve- 
chest are placed pack- 
ing-hoses, as they are 

called, immediately opposite the ports of the cylindt 
They contain soft elastic hemp, soaked in oily matter, 
the ohjcct of which is to press agmnst the truly cylin- 
drical aod polished outade of the slide-valve when in 
its place, and make steam-tight partitions In the valve- 
chest, to prevent communication between tlie middle and 
the two ends. 

In the figures 69 and 70. the valve is shown 
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uig position. In figure 70, the steam from S rises up 
along the centre of the slide, and enters the upper port A, 




while the steam in the under part of the cylinder has free 
egress through B to the eduction-pipe E. In figure 69, 
the steam has free access to the lower port B, while the 
steam already above the piston has free egress through 
the upper port A to the eduction-pipe E. In this species 

Fig. ri. Fig. 73. Fig. 73. 




of slide, there is scarcely any loss of steam in the p 
as it is cut off close to the cylinder. 



in 
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losuad of the kx^ D-didp, wbicb » rerj bearj on s 
Uf]ge aaie, twQ dbnt dides, amilar to tte two ends, and 
cmmected togetlier by ba», hare beeo used in tbe Tollow- 
ing [brm. Fig. 71 is a sectioa of the slide, fig. 72, a face 
riew ; and 6g. 73, a sedioQ of tbe cylinder with the valves 
in iheir places. In thb case, however, there are two eduo- 
tioD-pipes E, £ Instead of one, Hg 

as formerly, and the steam-jupe 
S enters between the valves. 

A cylindrical slide-ialve of 
the following form is used in 
a considerable number of en- 
gines, and works well in those 
cases which we have had an 
opportunity of examining. 
The valve-chest is an upright 
cylindrical pipe P Q, the in- 
ade of which is bored truly cy- 
lindrical, and is exactly fitted by two metallic cylindrical 
plu^, which arc ground so smooth in their places aa to l>e 
steam-tight. It will be apparent from the figure that these 
two plugs being raised and depressed by the valve-rod 
I which connects them, will effect the same purpose as the 
armer valve. 

The conical valve is a spedes introduced by Mr Wi! 

1 improved by his assistant Mr Murdoch, from wl 
the steara-eugine of Watt has received many valuable 
Fpcndages, and much of its practical perfection." It 

• Tliia, "iiieh ja also called Ihe spJndlc-vaWe, or hultortvalvc, aniwa* 
well for maiij purpoeeJ "hen due cure is taken to hnve the Bpindle steadilj 
guided at both ends, to prevent the Talve tram rubliing oo the aiJe of tlie 
htttl or aperture while ehutting, Frcijiienll)', howe'tr, ifhen lued ai 
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Wheen applied in two forms. Mr Watt's own form, the ear- 
Wier one, is given in the following figures. For a single 
I engine four valves are required. One of them is repre- 
I sented separately in figures 75, 76, which are vertical sec- 
I tions through the valve, at right angles to each other. 
I The valve is shown open in fig. 75, and shut in 76. S is 
I the entrance of the steam, A the port, V the conical valve, 
I and N the seat or nozzle wliich it covers. On a cursory 
Iglance, it is evident r,g.,s. ^_^^, 

I'that when the conical 
|«over V of the aper- 
1 ture N is up, as in j"tf irQn" 
I the first diagram, the [ L^li^^-I^ J J 

steam has free en- 
' trance ; and when it is closed, the steam will merely 

press the valve down into its seat, without obtaining an es- 
L cape from the nozzle. The manner in which this is effect- 
I ed for all the passages, is shown in the following perspec- 
■ liTe diagram, fig, 77 : add is the steam-pipe from the 
f boiler; yjthe eduction-pipe; & the upper steam-valve; 

< the lower steam-valve ; h the upper exhausting valve ; 

* the lower exhausting valve ; c the upper port of the cy- 

inder ; J" the lower port. The seats of the exhausting 

KvalveaAand ( are inverted; sa that these valves open when 

(Bee fig. 39,) it hoa ni> guide of any sort for fhe upper end nf Ihe 
InslcacI of Ihjaa loud afweighta ia put on tlie top. These i:bubc 
n over to one Hde, nnd of course in shutting it wears away at that 
B, wliich HWn makes it leuk. Id a very Hlmilar, but Btill more loose and 
l4({;nuled state, it is much used by plumbeta. Being loaded on the top, it 
ode and ruLa hard in ahntling. Tho couBequente ifl that it leak* 
II tlic first, and duly geta Horse. The teiy frequent need oTre- 
W netting such wrelttud voltes in water cistetns, 4c,, ia i serioua tai on llic 
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drawn downwards, while the steam-valves open when drawn 
upwards. Each Talve has a toothed rack attached to it, 
which \i acted on by a toothed sector, fixed on an asi^^ 
whose end passes through the valve-bos and carriea 4^| 
arm or liandle by pig.77. ^| 

which it 13 moved as 
follows : — the arm or 
handle of the upper 
steam-valve is con- 
nected by the rod 10 
with an arm fixed on 
the axis (, and the 
arm on the axis of 
the lower exhausting 
valve is also connect- 
ed by the rod 1 1 with 
a similar arm fixed 
on the same axis t. 
The arms of the low- 
er steam-valves and 
upper exhausting 
valves are in the same 
manner connected 
with arms on the 
axis a, by means of 

the rods 13, 14. These axes t, u, carry each a handle 
m ; and on these the plugs or chocks 1, 2, 3, 12, of 
plug-rod 1 12, act. When the plug-rod Is descending, ita 
chock 1 comes in contact with the handle tr of the axis t, 
and depressing it, turns round the axis ^, so as to shut the 
upper steam-valve and the lower exhausting valve; andati 




4 



STEAM-VALVE MURDOCH S CONICAL VALVE. 



127 



andle us of the lower axb it, and depressing it, opens the 
lower steam-valve and the upper exhausting valve. In the 
Upward motion of the plug-tree, the positions of the handles 
versed by the chocks 12, 2. The axis t carries a short 
lever 4, to the end of which there is a weight hung through 
the rod 4 4. When the valves connected with the axis t are 
opened, tliis weight keeps them open ; but is prevented 
from opening them too far by the strap attached to the 
rod, as seen in the iigure. The lower axis u has a similar 
apparatus, 15, 15, for the same purpose. It remains to 
notice how the exhausting valves are prevented from be- 
ing opened by the pressure of the steam. The rods which 
connect the arms on the ases of the valves with the arms 
on the axes t, u, it will be observed, are bent at one ex. 
tremity in such a manner as that when the valves are shut, 
the connecting rods and the arms on the axes t and u fall 
\aia Uie same straight line, as is seen in the case of tlte 
upper exhausting valve in the figure. In this condition 
the arms of the axes ( and « cannot act as levers in turning 
these axes round, and the valves are thus effectually locked 
tmtU released by the action of the chocks upon the handles 

Mr Murdoch's conical valve is represented in the next 
figorea: fig. 78 a side view, and fig. 79 a front view. 

add are steam-pipes, and g g g eduction-pipes as for- 
merly ; c being the upper port of the cylinder, and / the 
bottom port ; b and e the top and bottom steam-valves, h 
and i the top and bottom eduction- valves. The steam- 
valves b and e are raised or lowered by hollow rods or 
tiibes, through which the spindles or rods of the educlion- 
valvefiAi work freely without interference. A rod 10 joins 

! short levers 19, 20 of the valves b, e, together, and 
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another rod 13 joins the levers of the valves 18 and 31 
together ; so that by ioserting into sockets, formed on the 

F* 78. Fig. » 




ends of the levers 20, 21, tlie bara r, s, shown by dotted 
lines, and by using them as lever handles, the upper steam 
and lower eduction-valves are opened simultaneously by 
the handle r, and by the other lever n the lower steam and 
upper eduction-valves are opened also simultaneously and 
alternately with the former. The rods lOand ISarecon- 
nected by the rods 11 and 12, with an apparatus of levers 
and weights, acting through an axia at 22, by which tJa^'j 
valves are retained in their seats. 

The last valve which we shall describe is the c 
valve, or equilibrium valve, which is in use on the Corn 
engine, and has also been introduced into rotative enp 
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pta value consista in effecting a large opening, and requir- 
ing little force to work it, while large valves of the^ com- 
mon sort are heavy, or are so much pressed in one direc- 

Ition by tlie steam aa to require great force to work them. 

■The crown-valve is so named from its resemblance to a 




liadem. Conceive a chamber, fig. 80, out of which an 
q)erture A leads into the cylinder, and into which a pipe 
3 brings steam. The aperture A is surrounded by an 
ipright ring or collar rising a few inches into the chara- 
■, which ring is on all sides perforated by slits of con- 
iderable size, but closed at the top. Figure 81 repre- 

!nt3 the crown or cover of this valve, which is also a ring 
ittached to a steel rod or spindle, by which it is raised 

r depressed. All round at top and bottom, the collar 
D the chamber and the crown-valve are ground so as 
Kcurately to fit each other. Fig. 82 shows the valve 
in its seat and closed on all ^des, so that no steam can 
bd admittance ; and fig. 83 represents it open or raised 
im its seat, with steam entering freely on every side. 
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These ralves are arraoged similarly to the common co« 
nicai valves, and work in the same way, four of them be- 
ing used in a single engine, instead of four conical valves, 
as in fig, 77. 

The large figs, 84, 85, show the equilibriuni valves and 
valve-gear as employed in a Cornish steam-engine, with the 
gear for working the valves either by the hand or with the 
pump-rod of the engine. This metliod is very perfect 
and deserves attentive study. Although we cannot here 
enter into a detailed description of the mechanism, it will 
be understood from the drawing. 

In immediate connection with the valves and passages 
of a steam-engine, which admit tlie steam on alternate 
aides of the piston to do its work, and afterwards discharge 
it, we may consider the means by which the engine is ren- 
dered automatic, or capable of performing its labour, in 
the moat perfect manner, without the continue assistance 
of a man to open and shut its valves. There are two ways 
in which valves are worked by the steam-engine itself. 
The first of these is by the agency of some part of the en- 
^oe that happens to move up and down, or performs a re- 
ciprocating motion, and the other is by the agency of some 
part which revolves. The following is a simple method, 
which has been applied to the short D-slide, already de- 
scribed. In figure 86, A B P is the cylinder, P the pis- 
ton, acting on the end L, of the great lever L L^, raising 
and depressing it alternately, while the other end L'', unit- 
ed by the connecting rod \I R to the crank of t!ie fly 
wheel, turns it round. Tlie manner in which the steam- 
valves are moved, is by the long vertical bar or plug-rod 
T T, suspended from the lever L L^, so as to move up and 
down with it. This bar T T carries two projectiiig plugs 



UEOHAXISM OF THE TALTB8. 133 

of wood J! i^ upon it, which strike alternately up and down 
upon the liandle I P at the hottom and top of the stroke, 




and so produce the reciprocating motion of the slide-valve 
D; and by admitting the steam on alternate sides of the 
nstoD, and discharging it at the opposite ports, produce 
tte continuous motion of the engine. In the figure, the 
1 ia supposed to he forcing down the piston ; hut when 
Uie piston gets near the hottom, the plug * will have come 
a contact with the valve-rod / P, and will have forcsd it 
md the slide-valve D into the opposite position, and so 
mitted the steam, formerly above the piston, to pass iii- 
e the open air, while the steam on the other side presses 
B) tile piston, so as to bring the plug / in contact with 
lie lever, prcsang it up, and the valve D down into its 
irst position, and so on alternately. 

This method of moving the valves hy a plug-frame, ris- 
bg and falling with the strokes of the piston, was first in- 
Irodticcd by Hoighton (with very different valves) about 
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the year 1718. It has been prindpally adopted for pump- 
ing engines that have no revolving motion. We have, 
however, seen it used with advan- pig. gj_ 

tage even in marine engines. It 
is noisy, as the sudden strokes of 
the plugs produce an instant jerk ; 
hut it is effective, in so far as it at 
once opens the ports \a their fullest 
extent, and so allows full effect to 
the entering steam, and fidl clear- 
ance to that escaping. The form in 
which we have seen it adopted in 
marine engines is as follows. In 
fig. 87 the ends of a bar H H fixed 
across the top of the piston-rod, 
move along the guide posts G G, 
and thus form a sliding parallel mo- 
tion. R R is the connecting rod, 
and O P O P the crank. The 
Talve-rod r r is extended upwards 
as fai' as the pisti>n-rod works, and 
two plugs r r are so placed by ad- 
justing screws, as to admit of the 
rod being raised and depressed at 
the proper moment by a projecting 
part of the cross bar H, at the end of each upward and 
downward stroke, 

A very different method of working the valves has l»een 
invented by Mr Melling, superintendent of locoraotivea 
on the Liverpool and Manchester r^lway. It derives the 
motion of the valves from the connecting rod, one end of 




which 



moves round in the circle of the crank, while any 
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p<Hnt between the ends performs a sort of elliptic motion. 
Thus Mr Melling makes a round pin to project from near 
the middle of the connecting rod, fig. 88, ng. as. 
and the curve described by this pin mani- 
festly reserablea, although it is by no means 
a correct ellipse. It is an oval having its ' 
lower end more acute tlian the upper and 
deviating the more from a true eliipae as 
the connecting rod is shorter. Since the ^ 
pin does not describe a circle, it is made to 
act in a slit in an arm which proceeds from 
a Ssed axis in the centre of the oval. This 
arm the pin carries round, together with a 
small crank on the same axis ; and the valve 
rod is moved by this crank just as by the 
eccentric described a little farther on. But 
tliis scheme Is so much more complex than 
the eccentric, that it can scarcely have less 
Iriction ; and it unfortunately causes a much greater pro- 
portion of the motion of the valves to octur while the 
piatoa ie in the middle of its stroke, than the eccentric 
iloes. 

One of the most common of the many applications of the 
steam-engine is to turn round an axle and wheel ; and in 
llie second system of valve apparatus, by which the steam- 
engine is rendered automatic, the steam-valves are work- 
ed by the revolvingof oneof the shafts or wheels. Of the 
rai'ious methods in which this has been done, the foltow- 
[ing 'irc some examples. 

On the axis o of the crank (at the bottom of the right 
ide of fig. 89,) which ie turned round by the rod LR dur- 
icli alternate ascent and descent of the piston, is 




the cam cornea 

tbe frame tovards 
* « r 19 a bdi crank wluch 




ratal rod n^ attached to the frame moves on ita_ 
', and so shifts the poiDt i.<and the valve-rod cvg 
^d doKii alternately togetiier with the va' les. The d 
fftptnitioiisinto which the IraiDe b forced I))' tbe cam 11 
" tcbed in figs. 90, 91, 92. 
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Another f3rm in which this motion has been given, is 
by conoectiiig the large asle of the crank with a smaller 
asle, by toothed wheels. The principal or crank axis, fig. 
carries round a wheel a b c which drives the equal 
wbeel def. There is a projecting pin E out of the centre, 




To which the crank S is connected by the rod E S so as to 
raise and depress the valve-rod. It Is manifest that, dur- 
ing the revolution of the wheels nh c and d ef, tlie point 
E will be carried round a circle, and communicate alter- 

Tiate motion to the rod E S, equal in extent to the diameto- 

■of that circle. This circle must, therefore, be chosen of a 
diameter equal to the required motion or throw of the 

-steam-valves attached to the cylinder. 

This motion has been modified into a very excellent and _ 

-durable arrangement in the following form. 

Fig, SM. 



i^<ra 





die toothed wheels are as in the former figure, 
1 the eccentric pin or crank-pin is carried round by the 
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inner one. On the crank-pin is a square brass rut or col- 
lar, made to fit exactly a space left between two parallel 
bars S' S^ and S^ S* that are kept in their places by nuts 
and screws at their extremitieB, and capable of adjustment. 
These bars are connected with the horizontal bar S" S", 
which works steadily through tbe collars S' and S", and 
from its end a connecting link S" S' passes to work tbc 
crank and valve-rod Sen. This apparatus we have seen 
work well without repair for a long period. It was exe- 
cuted by the Messrs CarUiicbael of Dundee. Figs. 96, 96, 
. 97, show the apparatus in three 
, other positions. 

Another mode of moving 
1 / valves is by a projection in the great 
'' axis ef the engine itself. A rigid 
circular hoop S encloses the axle as 
I. 98, 99,100,101. It is evi- 
dent that if tbe projection E, reck- 
yoned from the centre of the asle, 
did not exceed the radius of the 
the axle would revolve with- 
out moving the hoop ; but if, on the 
contrary, the axle and its projection 
be equal to tbe diameter of tbe hoop, 
as in figs. 98, 99, 100, 101, it is ap- 
parent that the projection or cam. 
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in passing round, must push the hoop in alternate direc- 
tions. 




140 THE STEAM-ENGIN 

far the most general use, is in the form called " the ec- 
centric," which is a circular disc, or ring of metal, placed 
upon the shaft or axis, turned by the crank. In fig. 102, 
O is the centre of the shaft or axis, to which revolution is 
given by the crank R of the steam-engine. On tiiis axis 
the circular disc E E E is placed, but eccentric to it, so 
that its centre d moves round the axis. The distance of 
the centre d of the disc from the centre O of the axis, is 
called the eccentricity, and it is equal to half the throw or 
range of the motion of the valves to he moved by the ec- 
centric* The rod, fig, 10.3, is called the eccentric rod, 
and is attached to a hoop or circle that exactly fits the ec- 
centric disc. The various positions which the eccentric 
will take during the revolution of the engine, is shown 
figures 104 to 107. 

We have used the common eccentric in a much simpl 
form than that generally adopted, by placing it 
ately over the valve which it moves. In engines which 
require compactness and amplicity, this way is useful, and 
is valuable where the axis of rotation is immediately over 
the valves, as in figs. 108, 109. 

In these the valve-rod branches out into four portions ; 
a flat brass plate is inserted at their separation, another at 
the summit unites them. The eccentric disc works he- 

' A method of wartdng the steam- val Teg, b; a much more ohvioua end 
isimple oubBtitute for the eccealric tban that of Mr Mclling already describ- 
ed, might be had by rirluaUy forming a small crank upon the great one. 
Thus if upao the oul^i end of the large cFimk-pln an arm were fiied pa- 
rallel to tho arm of that crank aiid carried inward ; then a projecting pin 
properlj placed on this arm could just act an the pin of a Bmnll crank hav- 
ing the same axis as the great one, and which could move the valve rod in 
the tome way aa the eccentric docs, but with much 
eccentric is obviously just a short crank, with a ciauk-pin » 
thick aa to occasion great friction. 
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^-tireen the side forks of the rod, and bears against its top and 
bottom plates, as seen in fig. 108. The width of tlie other 




I Ibrks of the rod is made equal to the diameter of the axle, 

jrhicb thus prevents the rod from deviating from the ver- 

1 position, as seen iu fig. 109; a handle is added to 

)rk by hand, and the reversing process is performed as 

laL 

The CranA.— One of the most important appendages of 

e steam-engine is the crank, by means of which the force 

nf steam, although at first producing motion only upwards 

nd downwards in the straight line of the axis of the cy- 

ider, 13 nevertheless rendered capable of exerting that 

( equally well in a circular (Section. When the 

•engine is only employed for some auch purpose as 
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pumping up water, no crank is necessary, but as some of 
the most usual and valuable applications of the steam-en- 
gine are those where it turns wheels of mills, of cotton ma- 
chinery, of steam -vessels, or locomotive engines, the crank, 
by which this is accomplished in an admirable and simple 
manner, which has superseded every other plan of trans- 
mission, is entitled to very minute consideration. 

A crank is an elementary machine which has been used 
from the earliest times for converting a revolving into a 
rectilineal motion, or the reverse. It is figured in descrip- 
tions of the old machines of the Egyptians, Chinese, Greeks, 
and Romans, and in wat^r machinery it has been id e 
moD use from the time of Ctesebius. 

A crank is merely a handle to a wheel, 
by which it may be turned round. In fig. 
1 10, let a ar be an axis of a wheel bed, 
and a R P the usual bent (or crooked) 
handle, by which it is turned round by the ) 
man, whose arm first pushes it from him, 
and then draws it towards him, and so con- 
tinually turns the wheel round, then the 
part a R radiating from the centre, is call- ° 

ed the crank, the asis a x\3 called the crank-axle, and the 
strEught part PR is called tlie crank-pin. p|g_ |,|_ 

Now imagine, instead of a man's arm, 
a rigid metallic connecting-rod, and in- 
stead of the strength of his body, con- 
ceive the force of steam to be applied, 
through a cylinder, piston, and piston- 
rod, to the crank by means of the con- 
necting rod, and the steam will turn 
round the wheel by means of tiie crank, 
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lie, and pin, as in figure 111. A being the cylinder, p 
le piston-rod, p R the connecting rod, R the crank, and 
a X the axis. 

On examining, in detail, the action of the crank, it is 
to be observed that the force exerted by the steam ia neither 
constant in direction nor in action. If the steam be ad- 
mitted first below the piston, it forces it to the top of the 
cylinder ; it is then cut off preparatory to ita being ad- 
mitted above the piston ; and in the interval it has no mo- 
tive action. When admitted above the piston, it forces it 
to the bottom of the cylinder ; and again there is a cessa- 
tion in its action during the change in the position of the 
valve. Now it is evident that this recmTing cessation of 
Action between the alternating impulses would interrupt 
le continuous revolution in the wheel, hut for the power 
of the wheel itself to continue the motion, by what is termed 
momentum of its mass. When the steam, during a 
stroke of the machine, ia acting most powerfully on the 
Joston, part of its power is spent in accelerating the wheel ; 
Jmd when, at tbe end df the stroke, it ceases for a time to 
■ct, the wheel gives out the power which it had gained, 
tad continues its motion until the nest stroke gives it a. 
fresh accession of power. A wheel of this kind, when at- 
tached to an axle for equalizing motion, is termed a fly- 
wheel ; and to obtain the full benefit of its equalizing 
power, it is made of large diameter, that its rim may move 
rapdly, and it is made of great weight, being formed 
either of lead or iron, that it may acquire raomentuin to 
render the motion as uniform as possible. 

S^ll, however, it must be remembered, that the equali- 
sation of the motion produced by the fly-wheel is partial, 
not perfect. Matter only takes up or gives out force when 
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it changes from one velocity to anotber. If, therefore, the 
flj-wbeel take iip into itself the accession of force of the 
steam at one part of the stroke, it does so by slightly ac- 
celerating its motion ; and if it give out force during the 
cessation of the stroke, it is by slightly reducing its own 
veloci^ in ao doing. The approximation to perfect uni- 
formity in the motion of the steam-engine, will be propor- 
tioned to tlie mass of matter in the rim of the wheel and 
to the square of the wheel's velocity. Although, therefore, 
the fly-wheel improves the action of the crank, so as to 
adapt it to all ordinary purposes, still the effect is not ao 
equable as the power of a water-wLeel, where extreme de- 
licacy is required. In all ordinary cases, it is sufficiently 
uniform. 

The following substitute for a fly-wheel was suggested 
and constructed by Mr Buckle of Soho, for Mr Lucy of 
Birmingham, and is an admirable and elegant substitute 
or auxiliary ; so as to be, for even the most delicate ope- 
rations, practically perfect. Mr Lucy had constructed at 
Birmingham, a flour mill driven by steam ; and it had 
been his object to obtain perfection without any limitation 
of expense. He had got one of Boulton and Wattfs best 
steam-engines, and yet he found that liis mill neither pro- 
duced such perfect flour nor moved so smoothly as mills 
driven by water. On the contrary, it was found that the 
inequality of the motion produced a larger quantity of 
coarse thau of fine flour, at a mercantile loss to the owner : 
and it was likewise found that the irregular propulsion from 
behind interfering with the uniform motion, towards which 
the millstones tended by their own momentum, produced 
a changing reciprocation along the whole line of tofl 
gearing, which was most injurious, and rapidly i 
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live to the toothed wheels. The usual plan of iacreasiag 
the weight of the fly-wheel was resorted to without success j 
aud Mr Lucy applied to Mr Buckle to propose a remedy 
for the evil. This remedy Mr Buckle found in the con- 
trivance of a pneumatjc pump. In the mint at Sobo, a 
pneumatic pump had been introduced by Mr Watt, for 
producing a reaction, on the principle of the experiments 
of Otto Guericke, which we have already described. The 
force of the steam-engine was made to draw up a piston 
from tbe bottom of a cylinder, leaving a vacuum below it 
Into this vacuum the piston was again carried down, after 
the action of tbe steam had ceased, by the whole force of 
the atmosphere, amounting to about 15 lbs. on every inch 
of itfl surface. Thus the atmosphere was rendered a re- 
servoir of power, the power being first of all taken up by 
forming the vacuimi, and again given out by tbe atmo- 
sphere pressing the piston down into the vacuum. 

The following is the arrangement by which Mr Buckle 
accomplished liis object P, fig. 112, being tbe usual 
piston and cylinder of the steam-engine, L L the usual 
beam or lever, L R the onn ting d R the crank, 
and R W AV W a tooth d wh 1 ar ed round by tbe 
crank, as usual in the st am nmn To this is added a 
smaller wheel r at lo, ha only half as many teeth as 
the larger, so that during on turn ot the small wheel, the 
large one performs half a revolution ; / / is a second lever 
attacbed by a rod to a crank r, and by another rod / H 
it lifls a piston from the bottom to tbe top of an open 
pump H, leaving a vacuum beneath. When the piston ig 
at the botora of the pump, the crank R is near the point 
1 in the figure. While the crank passes down from 1 to 
2j it is raiang the piston in the pump against the pre»- 




crank r is at the bottom of it3 circuit, the pisttm in the 
pump is at the top ; and now the pressure of the atmo- 
sphere carries the piston down into H, turning the little 
wheel r w w along with it, and propelling the large wheel 
and crank from 2 to 3, through that part of the stroke 
where there is a cessation of the action of the i^team : then 
again from 3 upward to 4, the excess of the power of the 
steam is employed in raising the pump piston ; while from 
4 to I that piston carried down by atmoaplieric preBsuit^.j 
brings round the mechanism again to tbe point 1.* _ fl 

' This, altliDUgh in some respecta an inj>enioiis nnd efficient sdimne, it- 1 
eiBculed in a form which is very unneceasaril)' romplicaW Bad expenDve. 
'I'hE ti>Toe vMch urges the piston down into the gxiin]), uondstjt of ao manj 
pounds of fttcnoapherie pressiuG together with the weight of the piston itaeUi 
tliat n mere weight equivalent to the required force, and without any pump 
at all, woiild act with greater steadiness luid unifarmily, cannot aJmit of a 
doubt. Itwould laattbrever.andwouldnot coBta dtheofthe expense. But 
the second beam Sind frame nee just as superfluous and inelev: 






For if the small C: 



■e shilled half a 



im Found, to nut ^^^^M 
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So perfect was the action of this nmchanism that the 
KCy-wfaeel had been wholly removed, and the engine and 
Ihe whole mill-work were moving in the most smooth and 
Beffecdve manner. It was F<g. us. Fig. >u- 

■fbund that the change en- 
1 ahled them to give all the 
■finding stonea a greater y 
J Telocity than formerly, so j 
Bihat the quantity ground '<^ 
s greater, in the propor- ^-^ 
n of 14 to 13, and the 
iquanti^ of the finest or first 
', irom the same wheat, 
s likewise much increas- [ 
; BO that, both by quan- j 
y and quality, the owner *, 
»f that mill was now able to ^._ 
* command the market." 
FThe same motion has subsequently been applied to cotton- 
mills with perfect success; the quality and the quantity of 
yarn produced being much improved. 

From the circuniBtance already noticed, that at one 
point the steam possesses no power of turning the crank, 




■ant of ll>e beam, a. mere veight hung from that ciaiik by a long enough 
nxl, ii all thai is nercmarj \ care being taken to restrain it from swinging 
•iolentlj. In the ipecifiea^on of the patent, it is indeed suggerted that a 
<ni^t might l>e used at the and af the second beam, inateail of the |nimp ; 
lint there ia not the least hint that a weight oauld suiliue without thut beam- 
it in, however, proposed to mnke the pump lerve both as on cijuoliiicr and 
tlm lu Ihc atr pump of the engine ; although nothing can be more evident 
than Ihnt it would then act badly in both cagiaeitics. Yet this proponl is 
the only tiling having the least reiiemhlBnce to a reuion whv a pump should 
kave been tmattei to al all. 
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it has been imagined that some considerable loss of tlie 
power of the eteam takes place during its transmisBion 
tUrougb the crank. This is a grave error, and it has pro- 
duced other errors, which we Bhall consider in our cliap* 
ter on rotatory steam-engines. 

Figs, 113 to 116 represent tlie crank in different por- 
tions. In 6gs. 11.3, 116, the connecting rod and crank 
are in the same straight line, technically called the position 
"on the centre," or passing the line of centres, in which the 
action of the steam neither tends to turn the crank in the 
one direction nor the other. Again, at M and N, figs. 
114, 115, where the crank is aetcd upon at right angles 
Toy the connecting rod, it is plain that the whole force 
transferred through the rod is acting to turn the crank ; 
while in the intermediate positions there are two efforts, 
one acting on the centre of the crank, and another to turn 
it round. For examining the proportion of these forces 
to each other, we may use the two following diagiai 

Fig. 117. Ftg. 118. 





Fig. 117 represents the circle of the crank, tlie arrows 
showing the direction in which the crank-rod would rc- 
qmre to act, in order that all its force should be nutUyid- 
ed, and produce alone the single effect of caudng reval 
tion. Fig. 116 indicates the deviation which t 



caudng reTuls^— 
'hich the aOlM|^| 
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notaon of the crank exhibits from this hypothetical condl- 
tion. The arrow a. indicatea the direction of the actioa of 
the coiinecting rod, which at divisions 10 and 20, is acting 
only towM^s the centre of the circle with no effect in pro- 
doclng revolution. At divisions 5 and \b the whole effect 
takes place in producing revolution only. Through the 
firat half of the circle the pressure of the rod acts wholly 
downwards, and through the latter lialf of the stroke 
wholly upwards. The circumference of the circle being 
divided into 20 equal parts, the analysis of the force is 
given in the figure at several of these points. At the 
second diviaon, a represents the direction of action of the 
crank-rod, fi is parallel to the direction of the circum- 
ference (or tangent) of the circle at tltat point, while tlie 
line c is directed to the centre i a indicating the direction 
of the whole force of the connecting rod, h representing 
lite effect produced in the direction of the tangent to tnm 
it round, and c tJie effect of the force of the connecting- 
rod acting to produce pressure on the centre of the crank : 
^t as the centre of the crank is fixed and prevented from 
■ovtng, none of the moving power of the crank is given 
rat in producing motion towards the centre, but only in 
prodncing motion in the circumference. At the fourth 
division of the circumference it may be observed, that the 
effect of the connecting-rod is differently distributed. The 
vhole force a is now more nearly in the direction of b, and 
c is comparatively small ; showing that as we approach 
tile end of the first quarter's revolution, the force of the 
connecting-rod is producing much less pressure In the 
centre of the crank, and pressbg in a higher proportion 
ii the direction of the revolving effect, until at last the 
rod being at right angles to the crank, its whole 
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pressure acting to turn round the crnuk, none of it ts di- 
rected towards the centre. After passing the quadrantal 
point 5, the crank-rod still presses downwards, as shown 
by the arrow a at point 7 ; but, of its two effective pres- 
sures, one represented by b still acts in turning round the 
crank, while another represented by c, instead of acting 
towards the centre, as in the upper quadrant, now pro* 
duces a pressure which would draw the crank away from 
the centre; but as the crank is fixed, none of the motive 
power is employed in producing any motion of the crank 
away from its centre. Similar alternating effecte arc pro- 
duced through the other quadrants ; so that, while the 
pressure of the steam, acting through the connecting-rod 
upon the extremity of the crank, ia divided into two effects, 
one of these is prevented from expending the moving force 
of the engine by the fixedness of the crank centre, and the 
whole motive power is given out only at the circumference 
of the crank circle in turning it round, but in a proportioD 
of pressure that is continually varying from to a maxi- 
mum, and from a maximum to 0, through every succes- 
dve quadrant of the circle. The amount of the variation 
is shown in the following table, which consbts of the ^es 
of a series of angles which increase continually by 18°, tl 
radius being 100: — 



Points in the figure. Pressure in directmo of 

and at 20 0.00 

1 19 : 30.90 

2 18 58.78 

3 17 80.90 

4 16 95.U 

5 15 loaoo 
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PoLnla in the figure, Presaure in direclion ofreyohitiiin. 

6 14 95.U 

7 13 80.90 

8 12 58.78 

9 H 30.90 

1 10 10 0.00 



Mean pressure, 63.11 



The mean pressure on the crank being in the table about 
€3 pounds, taken on an average of the whole circumte- 
rence of the circle, the preaure varies from 36 pounds 
above the mean, to 63 pounds below it The tot^ pres- 
sure of the steam in the cylinder forces the connecting 
rod up and down through a apace equal, each time, to the 
diameter of the circle, while the connecting rod carries 
the crank through a space which is equal to the whole 
opcumference ", and as the circumference of a circle bears 
to twice its diameter an approximate ratio of 100 to 63, 
it follows, that the pressures on the crank and piston are 
inTersely as the spaces through which they move ; the mo- 
tive power of steam in the cylinder being 100 lbs. moved 
through a space of 63, and the moUve power given out 
in the crank, being a mean of about 63 lbs. moved through 
the circumference of a circle which is represented by 100, 
80 that the motive power is in the one case 100 lbs. x 63 
= 6300 lbs., and in the other case 6S lira, x 100 = 6300 
lb& 

The crank is merely one beautiful exemplification of 
the great dynamical principle, which includes in it the law 
•of operation of all the elements of machinery, " that in 
uniform motions the quantities of motive power, or vis 
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viva, may be tranaferred from one point to another, througb 
every variety of direction, velocity aod intensity, by mate- 
rial mechanism, without being thereby altered in quantity, 
except in 30 f^ as friction and imperfect rigidity may dimi- 
nish its amount by a cerbun percentage, which diminution 
it is the aim of all peifect constniclion and design, in the 
practical application of machinery, to reduce to the smallest 
possible amount." To render uniform the effective pres- 
sure given out by the crank, is the object of the fly-wheel, 
and of the pneumatic pump of Mr Buckle. For the same 
purpose many other expedients have been devised ; and 
the following explanation is intended to facilitate the com- 
prehension of the nature and value of these expedients. 

The variation of pressure on the crank of a steam-engine 
may be conveniently represented by curves. Let the cu-- 
cumference of the circle described by the crank be repre- 
sented by the straight line A X, fig. 119, and divided into 
any number of equal parts ; let straight lines i/^ y* y^, &c., 
be drawn to represent the amount of pressure converted 




info the direction of the raotiou of the crank, according to 
the line b m fig. 118, being the amounts represented in the 
line of figures, then the curved line A y j/y x pasdng 
through the summit of all these lines will represent the 
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Tariation in the power of the crank at each instant of time, 
each ordinate 1/ t^ i^ being the pressure, and the area of 
the whole figure will represent the whole motive power, 
having a raaximnni at y and )/'=, and a point of change of 
direction from pressure one way to pressure the opposite way 
atjf". 

Now one method of equalizing the rotative pressure on 
the crank has heen proposed, and is very generally 
adopted, viz, to make two steam-enginea act on the same 
axis by means of two cranks at right angles to each other, 
so that when the one ceases to exert force, the other may 
be at its point of greatest force. 




II1U8 in the figures 120 to 123 two cranks are repre- 
sented as coming from two cylinders, and attached to 
the same axis, so that when the one of them is at 0, the 
other is at 3, when the first is at 3 the second is at 10, 
and 80 on ; so that while either is on the line of cessation 
of force, the other is at the point of maximum. 

The joint effect of two such cranks may be represented 
by curves in the following way : — 

Let the circumference of each crank circle be represent- 
ed 1^ the lines A X and A° S^ as formerly, each semi- 
circumference being divided into eight parts, and let the 
pressure be calculated from a table of sines, where each 
will be found as the sine of the arch of the circumference 
to which' it corresponds ; the numbers thus obtained being 




tiry- of force, bat wMiont regarding the rerwaoo of dir»- 
tioiL If now we place these corres tog^ber, as in Gg. 
126, their whale ordioates taken across from the one curre 
to the other, will truly represent the amotmt of the sum 
of the forces and its variatioii ; and if we place all these 
ordinales from a fourth axis, we shall hare trulj- repre- 
sented, by the new curre (6g. 127) the Tariations of the 
som of the forces of the two cranks. The figures in the 
third colnmn represent the sums of the twdinales, in which 
it is shown that the maximum is 41 per cent, greater than 
the miDimum pressure, even when two cylindOTs are made 
to act on cranks at right angles to each other. 

The whole of this calculation is summed np in the fol- 
lowing formula : 

Let r be the radius of each crank, 

X the effective lererage of one, 

••- V '^ — ^'i» the effective leverage of the o 

and X + Jr — r the sum of the pre^urcs: 
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from which we obtain, by differentiating 
X =, ^1^ — x'' IB llie case of a masimum, 
end when »; = 0, the sum x + ^ r' — j^ becomes = r 
or when ^i^ — a^ :^ 0, x + V^ — -^ becomes = r 
■nd when x = ^/V— :e^, x + .Jr' — jF becomes = r V 2 

z 1.414 r. 

Hence the point of greatest pressure is at 45° from the 
mom and the minimum sums at the termination of 
each quadrant, the maximum being to the minimum as 
the square root of 2 to unity. 

It is obvious, then, in conclusion, that with two engines 
tile variation above the mean amounts to about 126 — 141 
=16 in 126, or about eleven per cent., and that the de- 
crease below the mean amounts to twenty per cent. 

It is a matter of some difficulty to decide at what angle 
the cranks should be placed in a double engine, so as to 
give the best effect If we place them at a greater angle 
than 90° apart, the minima become small, and the raax- 
, however, are by no means sudden. If we place 
'them at a less angle, the maxima become excessive ; and 

K though the minima be larger, 
e maxima are also larger. 
The annexed diagrams, 128, 
129, show the effect of these two 
methods. 

When a lever intervenes 
2 the crank-rod and the 
^ston-rod, new irregular! ties 
^^-- introduced. The varia- 
tion in the direction of the 
tonnecting link, and in the po- 
Ation of the lever-ends from a 
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etraigbt line, introduces modifications of these effects of b 
serious nature, but not of a large amouut It is wortliy 
the attention of practical men to consider these yamtious, 
and the manner in whicli they aSect the uniform!^ of the 
pressure. They affect it by way of increase at the be- 
ginning and end of the stroke. By proper arrangements, 
these very obliquities may be rendered very conaderable 
improvements in the working of the engine. It should 
also be observed that the stroke of the piston and crank 
wilt not remain of the same length. 

The agency of the crank in transmitting a force 
rallel to the piston-rod has been represented by the corW 
of mnes, as in fig. 130. But if we represent in a arailar 
way the pressures p^- "w- 
produced by the ob- 
liquity of the crank- 
rod, we shall find the 
form become that 
given in the following 
figures. Fig. 131 re- 
presents the varia- 
tion of pressure with 
a crank-rod of four 
times the length ol 
the crank, fig. 

with a crank-rod of double the length of the crank, 
and fig. 133 with a crank-rod equal to the length of the 
crank. 

It is obvious, that with the ebortening of the crank 
the irregularity of the motion becomes very great 
masima rapidly succeed each other, and these are 




ank 

4 

ilar 
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spart from the next pmr. Thus two violent pressures 
Buoceed at a abort interval, and a long pause mterrenes, 
when the force is very small. 

By the same system of curves we may proceed to ex- 
amine the pneiunatic equalizer of Mr Buckle, Let the 
rotative pressure of the crank he again represented, as 
formerly, by the curve in fig. 134. And let the rotative 
pressure of the pneumatic crank of the equalizer be re- 
presented by the cun'c in fig. 135, lying on alternate 
ffldcs of the axis, so as to show the alternate coincidence 
with, or opposition to, the action of the stoam-crank. 
Then if we place the two axes as in fig. 136, the lines 
between the two curves will represent the sums of the 




pressures ; and if we set off these intercepted parts in a 



third cun-e, we shall get the line representing the v 
lion of the resulting force corresponding to the sums and 
differences of the former opdinatcs. Tlie values of these 
are givcD in columns of figures on the right through one 
qoadrant The mean value 63 is in this case exceeded by 
19 per cent,, and is receded from below by nearly 20 pei 
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cent The deviation from the mean pressure is not, there- 
fore, greater than 20 per cent., and the equalization pro- 
duced l)y Mr Buckle's pneumatic equalizer b as efficient 
as a p^ of endues, and much less complicated and ex- 



Still, however, it is to be noticed, that as there is a va- 
riation of force amounting to about 20 per cent, above or 
below the mean, with a pair of engines as well as with the 
pneumatic reservoir of power, it is obvious that the com- 
bination of a fly-wheel with either of these systems of ar- 
rangement, would be required to obtain the nearest pos- 
sible approximation to uniformity in cases of delicacy. 




Instead of using two cranks for applying the force of 
two steam-engines to the same axis of revolution, two en- 
gines have been used with their cylinders laid at right 
angles to each other, and having their connecting rods ap- 
plied to the same crank. Tor an engine of this kind, fig. 
138, Mr Brunei obtained a patent; and we have seen his 
machine working in a satisfactory manner. An arr 
ment of a similar description has also been introducedij 
steam-boats by M. Cave of Paris. 
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Of the Connecting Rod and Parallel Motion. — In con- 
udering the agency of the crank in modifying the force 
and velocity of steam, so as tu connect its direction and 
distribute its force in the manner required to produce a 
rotative motion in the machinery, from the original reci- 
procating motion of the piston in the cylinder, we have 
hitherto avoided the introduction of another important 
element, hy which a further variation of force and of mo- 
tion is produced. The connecting rod is a rigid hai of 
metal which conveys the motion of the piston from the 
piston-rod to the crank either immediately or through the 
ioterpo^tioo of the lever or beam ; and as the connecting 
rod, in doing so, takes various directions different from 
tiuKe either of the piston-rod or of the crank, there is an 
Dbliquily of pressure produced at both extremities of the 
eonnecting rod, which gives rise to a variation of force and 
'of direction, which must he practically provided for, and 
carefully appreciated in quantity, in so far as it may afiect 
tiie ultimate operation of the machine^ 

There are two ways in which the motion of the piston- 
wd is most commonly transferred to the crank ; either 

mmediately through the connecting rod,* as in fig. IS9, 
or through the medium of the great lever, as in fig. 140 ; 
tuth ends of that lever describing circles around its middle 
Jhlcmin as a centre, and the head of the piston-rod being 
gonnected with the one end of the lever hy means of an 

ron strap or connecting link. From inspection of the 
!^;are, it becomes plain that the connecting rod or link is 

ever, except at two points, in the same str^ght line with 

* Couik engines without heama, or as thoy are also callod, direct action 
iginei^ are iliulj coming into more general nse ; to that pmliablj at no 
Mtnt il«]' tbe beasa <rill only be Ibtmd in such engine as have no crank. 
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the pistoD-rod, so as to propagate its unmodified force to 
the crank, but that in these oblique positions it would pro- 

Vig. VA F«. no. 




duce a lateral motion in the end of the piston-rod which 
would not only be a waste uf power in producing motion 
in a place where it is uaelesa, but would liave the effect of 
conlinually bending the piaton-rod in opposite sides, so as 
either to break it, or materially to impair its working. In 
the first of these figures, P p being the direction of the 
piston-rod, p K. that of the crank, the force in the piston- 
rod in the tUrection p a becomes resolved into two parts 
p R and p c, pR being efiective in the direction of the 
crank-rod, and p c tending only to give lateral motion to 
the piston-rodj or else to bend it, or break it across. And 
so also in the second figure there is a similar separation of 
pressure. 

To prevent these oblique pressarea from wasting the 
power of the steam, by producing lateral, useless, or in- 
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jnrioua motiona, is the object of a series of contrivances 
called parallel motions, or parallel guides. The most 
notable of these we owe to Mr Watt. 

Let it be supposed that we desire to prevent the top of 
the piston'rod p, fig. 141, IVora being moved by the obli- 
<iuity of the comiecting rod p R, either towards the right 
or the left, then it is accomplished in the following way. 
A fixed support, s, is found on one aide of the piston-rod ; 
and another on the other ^, at equal distances from it, 
and two parallel bars g s and g' «' p'b- '*'• 

are placed between the piston-rod 
and these points, so that it may be 
steadied between them. These pa- 
rallel bars are made so as to revolve 
freely round the points s, *" as cen- 
tres, each of the ends g, g^ describing 
the circles ^^'^j^' g^, from which it is 
evident that if these rods were direct- 
ly attached to the piston-rod at g 
and g^, they should have the efiect 
of keeping the point p in the strmght line o g /f' p. As 
these bars 3 g and s g^ must describe circles round s 
and s", tbcy would, in the positions i tf, *' g', deviate 
altogether from the straight line of the piston-rod : but 
as the one will act nearly as much in the one direction 
as the other in the opposite, it occurred to Mr Watt that, 
by connecting their extremities with a link, g g*, and at- 
taching the piston-rod, not to the ends of the guide bars, 
bat to the middle of this link, the point/* might be pre- 
vented from deviating to any appreciable extent- from the 
straight line. This ia accordingly produced in a very 
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ample way. The following figurcsj 142, 143, I 
the effect of tbese links in various portions. 




This elegant and aimple contrivaDce is not, howevcsy| 
absolutely perfect At the beet only a part c 
which it describee makes an approximation to a straight 
line of scarcely sufficient length, and beyond which the 
stroke of the piston cannot be inereaaed without being se- 
riously deranged. Nor can this be remedied, but by con- 
structing the apparatus on a scale so large as to be liighly 
objectionable. Thus in the aboyc arrangement the point 
p is not kept perfectly in a straight line, but ia, on the con- 
trary, couipelled to deviate from it so as to describe a 
looped curve. The nature of this deviation will become 
▼ery evident if wc suppose the parallel motion to be alto- 
gether detached from the piston-rod, and the motion of the 
parallel bar and link cai'ried to its estreniC; aa in the i 
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loving figures, 145, 146. A pencil being used to trace 
the motion of the middle point,^ will describe, not a straight 
line, but a curve p z y. When we carry the rods up to ' 
the position represented in figure 145, where the bar g s 
comes into the straight line with the link t; g, the point p 
deviates from the straight line by turning to j^, and this 
Is reversed in the opposite extreme. In figure 146 the de- 
viation is much greater when the link g g comes into the 
same line with the other bar g s, aud is also reversed in 
the position at the bottom of the figure. By the time the 
links have been returned to their primitive position they 
have described the c 




Ii is importjint to diminish this deviation which increases 
more rapidly than the square of the length of the stroke. 
Having ascertained the greatest deviation at the end of the 
stroke, and also at Jth part of the stroke from the middle, 
bring the centres s and s nearer each other by a quantity 
eqnal to the deviation at the said 8th part, aud the great- 
est deviation will now be reduced to less than one quarter 
of its former amount : the curve will now become a line of 
tbo sixth (aghth ?) order. 

The parallel motion of one point having thus been se- 
cured, it is easy to transfer it to any other point. This 
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is most commonly done by a jointed parallelogram. Thus,' ' 
to trausfer it to a point in connection with i g prolonged 
to i, (figs. 147 to 149,) take a second link t y, equal to ^^, 
and a second bar, called the parallel bar g q, equal to f; /, 
the comer q of the parallelogram will give a motion ( q, 
rimilar to p. Figs. 150, 131 show the parallel motion 
transferred to a point still farther from the orig^al pointy 




Another form of Mr Watfs invention conaats in [ 
ing two bars in the same direction, with such a difference 
in their length as may afford the means of compensation. 
Suppose that the point p, fig, 152, is to be guided to move 
in the straight line p g ^ ; », s" are points on the same aide 
of the required direction of motion, and s <?, «" / are the 
differential bars connected by a link^ ^, which is prolonged 
to p. The dotted lines of the figures show the bars in dif- 
ferent portions. The point p does not describe a straight 
line, but a curve, like figs. 145, 146. The motion of the ^ 
point p may be transferred to a distance 
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r instance, by a jointed parallelogram gp t q, fig. 153. All 

these parallel motions may be inverted, and indeed gene- 

I rally are inverted in steam-boat engines. For practical 

mplee of them, the reader may consult the plates. 




All these motions as well as the first being imperfectt 
TariouB plans have, from time to time, been adopted for 
remedying the evil. In American steam-engines, Watt's 
parallel motion has been to a great extent abandoaed, be- 
cause in them long strokes and long cranks are preferred ; 
and because in such cases the deviations of the point p, that 
is to say, of the piston-rod, from a straight line, would, 
with Watt's method, become excessive. Watt and his as- 
sistants and followers were perfectly aware of this, and 
hence were led to construct beams, and connecting rods, 
and parallel motions, of vety great length, so as to dimi- 
aish the evil as far as posdble. This has, of course, the 
^ect of rendering the whole engme both bulky and expen- 
Mve, and is, therei'ore, in many cases inexpedient. 

The American engineers, therefore, use the sliding pa- 
rallel motion ; that is, they have substituted for the radius 
bare of the parallel motion of Mr Watt, a sliding bar or 
groove in which the top of the piston-rod is guided. 

The head of the piston-rod p, figs. 154, 153, is enclosed 
between two flat surfaces, or between two parallel iron 
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bars, which are kept io the vertical position by means of 
stiff- framing ; on these it slides, or to diminish the friction, 
wheels may be added ; but there are reasons why such 
wheels do not in practice work very well, and the plain 
slide is therefore preferred.* In tig. I5i we hare repre- 
sented this motion as applied to an engine of the simpleat;* 
form, and in Gg. 155 to a beam engine. 




Another species of parallel motion was, we llunk, first 
adopted in America; but it has also been nsed in thii 
country. It is the engine with vibrating pillar. 

* Wheels of tbla sort would probablf aimrer, if means weie <ued to kwp 
them always moring at the same rate as if they were continnally rolling'on 
the Biuret) against which they me meant to act ; so that when a preaaura 
came suddenly on a wheel, it would be in readiuesawilh the proper rale of 
motJOD. Fig. 3, Plate IT. giies an example of a pfLrallel motion with fric- 
tion wheels. Springs to press the wheels and surfaces together would m 
duce the required motion of the wheels ; but nothing i 
ably to yield when the aid of the wheels is lequiied. 
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The piUar, which supports the beam or lever, instead 
ef b^g fixed in an upright position, has a joint at the 
bottom, as will be seen in fig, 156, on which it and the 
beam and the crank-rod perform a joggling motion back- 
wards and forwards pig. ise. 
during each stroke. 
The motion is of the 
following nature i — 
The point s, fig. 157, 
is fixed : so is / ; 5 ^ 
and «■ ^ are movable 
bars ; p ffis ^ ot p y -. 
The point <? describea 
tl circle round s, and 
round s".- hence p 
lescnbes the curve p s 
Ltion of the moving 
of the engine in 
■Iternate directions, with 

sudden jolt at the end 

the stroke, renders 

his a bad engine when 

a large scale; 

id it is obvious that 

e deviation of the pis- 

n-pod from the straight 

le ia very great 

A very elegant parallel motion was invented by tlie R«v. 

r Cartwright, and apjilied by him to the steam-engine so 

irly as 1797. Two eqnal toothed wheels N N, fig. 158, 

ork into each other, and their axles are furnished with 

ro equal cranks amilarly situated and connected by rod» 



f the sixth order. 
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with the extremities of a cross bar, to the middle of which 
the piston-rod is joined, 
rods heing always in si- 
milar positions on oppo- 
site sides of the piston- 
rod, the obliqnity of their 
actions balances each 
other, and the rod de- 
scribes a straight line.* 
But it is difficult to make 
and to maintain the 
wheels of this machine 
in the state of accuracy 
and perfection necessary 
to its working well. 

Tlie cycloidal parallel motion is one of high geome- 
trical beauty. It was iaventcd by Mr James White, and 
published in his " New Century of Inventions" in 1801. 
It depends on this principle that an encycloidal curve, de- 
scribed by one circle rolling within another, approaches a 
straight line as the inner circle becomes more nearly equal 
in diameter to the radius of the outer one. To apply this 
principle, a large wheel qq, fig. 159, with teeth on its in- 
ner tarcumfercnce, is fixed on a frame concentric with the 
axis and circle of the crank. N is a wheel with exter- 
nal teeth, which is fixed freely on the crank-pin, and p is 
the point of attachment of the piston-rod p I, By this ar- 
rangement the small wheel N is compelled, by the pres- 
sure of the piston-rod upwards, to roll round the great 

* The peculiar sort of engine partly repreBented in fig, ISS <ms inlended 
to be wnrked by the v»poar of alcohol, which, a» a moving power, is 
to be compared with itBam, 3es PhJL Mogaanc for July 1836. 
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circle, ascending on the one side and descending on the 
other, BO tliat the distance of the end of the piston-rod from 




the point of contact of the circles is always equal to the 
diBtaiice of the drcle from the diameter ; (or, n + r. ain. 
* = ± i »■. 2 sin. e.) and thus the straight line ia always 
preserved. We have seen this motion working very well. 
But the principle which fumishea the most perfect paral" 
lei motion, is one which. Fig. uk. 

although not new, we 
have never seen applied 
to practice. It is well 
known that the locus of 
the extremity of a straight 
line, the middle of which 
moves in a circle, the 
other end being confined 
to one straight line, is also another straight line at right 
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angles to the former.' 




Let a straight bar x i/, ^^ 


^^1 


fig. 160, be placed with //^ \ 


""'- ■ 


one end y confined in an /( f / \ 




horizontal groove as, \i{ I-' 


H 


and let a pin in the mid- \\\ ( 


\V ^ 


die ff be allowed to slide ^^^^ ^_ 


\^^ 


in a circular groove yff x, \\ 


-^ 


then the end x will al- \ 


^^I^ _H 


ways describe a straight 


^■^ m 


line « X perpendicular to the first Or it may be thuB i^^| 


dified. Klhearcofaaemicircle _ 


■ 


have one of its extremities placed 


\ ■ 


in a given straight line, vfhile it . 
moves along a ^ven fixed point, ^ '^ 


__A W 


^1 — ^ 


the other estremity of the arc"" 


/ ' 
/ 


will describe another straight 


/ 


line at right angles to the former. ' 


■ 


Let a semicircular round bar y ^ 


'^' ■ 


A JT, fig. 161, be allowed to slides 


.^h-NjB 


through a. fixed centre at s, tbe^ 


,^W 


one end y sliding in a groove. 


m 


or along a bar jy, then the point , ^''' ^^| 


X will describe the perpendicular ,;i^ 


"^^^ 


S3*, a perfect straight line. 


To put this in practice in aS , 


I^OKJ 


form which shall not deviates 


"■^-J-""^ 


widely from received forms of 


^^ 


construction, is not difficult. The — 


y 


semicircular groove and the semicircular bar are not good 




dismetw of the cinle is equal to Ihe lint ]ine. 
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r constructive expedients. But if we take a radius bar sg, 
I. 162, 163, 164, fcced at a cen- 
s, so that its end g describes a 

I rarclefreelyrouodit; andifwetake 
a rigid bar py, of double the length 
of sy, and united to it at g, then 

I the middle oipy being thus ci 

I strained to move in the circle round ^ 

I *, we have only to permit y to slide 

J freely in an horizontal groove, and 

I the point p being carried up and 

I down, will describe the straight 

I line p « jo- Fig. 1 65 shows the ap- 
plication of this motion to the 

I simple engine, and fig. 166 to the 

I beam engine. 





The late Mr Oldham of the Bank of England showed 
IB an application of this principle, of which he bad made 
I a. model. He added a refinement which diminishes the 
friction at ?/, while it introduces an infinitesimal error of 
the second degree. To the end y he attached Watt's pa- 
rallel motion, as represented in fig. 168, s g,g a being the 
radius bars, and g y g the connecting link on a small scale, 
the point y is by this parallel motion guided in the hori- 
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zontal directiuD. Instead of this relinenieDt, vhieb mify 
produces infinitesimal error, we propose, if it were required. 

Fig. 1C7. Fi«. IW 




to preserve the principle witboEt error, and to intr 
only infinitesimal friction. This we accomplish by pla 
cing a secondary geometrical motion lite the primary one 
upon the point i/, fig. 167, so that its motion may take 
place in a perfectly straight line. The effect of the fric- 
tion will thus become an infinitesimal of the third order. 
These last refinements arc, however, of a higher order 
than the degree of practical precision in the steam-engine 
usually reqiiires. 

Such is the mechanism which the obliquity of the direc- 
IJon between the connecting rod, or lint, renders neces- 
sary to prevent any of the motion, propagated through 
them, from being expended in producing oblique trans- 
verse motion in the top of the piston-rod. StUl, however, 
the motion of the piston-rod is modified by transference in 
an oblique direction, and we have now to consider the na- 
ture of that modification. Suppose the crank O R to have 
the position in fig. 169, where the connecting rodp R is 
at right angles to it ; then the connecting rod p R makes 
with the piston-rod Fp an angle Op R or S. The force 
r therefore, acting along the piston-rod Pp, being repre- 
sented by the length of /J r, and xj/, andp y haag dra 
parallel to R p and R x, we see that the line xyatp M| 
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the force in the piston-rod along the 
mk-rud, tending to make it revolve, while p y = Ri = 
Fig. (69. Pu! i?i- Fig. 171. 




Kp sin. 9 = F. — ^ represents the amount of ]»res9ure sus- 

Kteined by the parallel motion. 

Thus we have a true representation of what takes place 
I'Vben the connecting rod, instead of being in a line with 
the piston, or parallel to it, is at right angles to the crank ; 
md in this ca^e the wholo force communicated in this 
■vblique position to the crank-rod, acts immediately and 
sntirely in turning round the crank. But at other points, 
ixe given in figures 170, 171, the motion is agiun 
■modified by the obliquity of the tlirection of the connect- 
ing rod /» R to the crank OR. If R be prolonged to 
BS, and from p a perpendicular dropped upon it, and the 
u-allelogram Rgp e completed, we shall have the diago- 
J farce p R resolved into R 9 and R j : whereof R j alone 
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tends to turn round the crank, R a producing only pres- 
sure towards the centre. In this case the angle p R « is 
equal to the two interior angles of the triangle ^ R O, 
that is to w + 3, the sum of the angles of the connecting 
rod and crank with the line of the piston. Hence the 
whole force iu the connecting rod becomes resolved into 
p R. COS. (w + S) and the whole force of the steam on 
the piston-rod becomes on the extremity of the crank, 

p COS. (ai + i) 

sin. 6 
The Piston. — The nest elementary part of the steam- 
engine, upon which much of the efficiency of its operation 
depends, is the piston. Pistons were at first very rude im- 
plements for steam to work with. A large block of wood 
cut round so as pretty nearly to fit the Inside of the cylin- 
der, and driven very tight, was considered a sufficient ob- 
stacle to resist the passage of the steam or air, until the 
former had performed its duty of driving the piston from 
the bottom to the top ; or the latter of driving it from the 
top to the bottom of the cylinder : a quantity of water was 
also kept on the top of the piston. It next became usual 
to cover this piston with leather, but which was soon dried 
up by the heat of the steam and deprived of the requisite 
pliability. The next step was to make the piston of metal, 
like the piston of Otto Guericke's atmospheric engine, 
and then to make a groove around this piston, which was 
filled with bands of pliuted hemp, now technically called a 
gaskin, so put together as to be spongy and elastic, and to 
interpose this elastic substance between the piston and cy- 
linder, so that the hemp, yielding to the inequalities of the 
cylinder, should fill them up without permitting the st 
to escape. This has been successlidly used for a 
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Wftd, aud, where the cylinder is in good condition, used 

irith advantage : and it is still very extensively employed, 

■instead of using a solid piston with a groove for the hem- 

Bpen packing, it was found better In practice to construct 

■the piston as shown in fig. 172. The lower part of the 

tpiston is formed of a plate attached to the piston-rod ; the 

■under-edge of this plate is of a diameter a little less than 

W&Et of the cylinder, and it gradually curves inwards, so 

s to form the lower portion of a groove for the packing. 

I The upper part of the piston consists of a plate with a si- 

nilarly curved rim, completiag the groove. This upper 

fig. 17s. Fig. 171. 
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blate is called the piston-cover, and is attached to the 
rer plate or body of the piston by screws. In the groove 
e carried round bands of soft plaited hemp or gaskin, 
ti fill up the cavity ; and as the gaskin wears, the np- 
■ plate is screwed closer to the lower one, and forces 
e packing against the sides of the cylinder. The piston 
■ represented in its place in figure 174. 
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Tbe ontj fault of this bempeu packing, is its liability to 
wear out, and become rigid and uuelastic. A plao was 
nest adapted of protecting ibis hemp, and litill using its 
elasticity . Aronnd the piston, in front of the packing ai 
enveloping it, two brass hoops, fig. 176, with slits in tl 



were placed, to protect it from contact with the cylinder. 
These slits allowed the hoops to enlarge and contract their 
diameter, in correspondence with the inequalities of the 
cylinder ; while by the elasticity of the hemp, they were 
kept continually pressed out in contact with the surface. 
Thifi simple metallic packing is represented as applied to 
the piston in figure 175. 

A still more independent metallic packing is produced 
in the following manner, so as to dispense altogether with 
tbe elastic action of the hemp. Large metallic belts of 
considerable thickness are cast, so as to form solid rings, 
about a hundredth part greater in diameter than the inside 
of the cylinder they are to fit, and turned on a lathe truly 
cylindrical to that diameter. A small portion is then cut 
out of the circumference of each ring, so as to make them 
open hoops like those represented in the last figure ; and 
the two open ends are then forcibly brought together, un-* 
til their diameter is just such as to admit them into tbe 
cylinder, their ends being now iu contact so as to form 
complete rings, and they are again placed in the lathe and 
turned truly cylindrical. By this arrangement it is brought 
about, that the elasticity of the rings continually \ 
them outwards, towards their origmal diameter. 
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diqtensiBg with the elasticity of the hemp, forms a packing 
wholly metallic This is employed on a large scale by 
«me of the very best engineers in this country, and is 
greatly to be recommended for its simplicity. Of course 
the break in the ring would allow steam to pass ; but this 
is avoided either by interposing a metallic tongue at the 
break, or by using a number of rings, so that the break in 
one of them may be opposite to the sound portion of the 
other. 

Another form may be called the wedge metallic piston. 
The rings are cut into a number of parts, and are pressed 
upon the cylinder by wedges, which again arc kept in their 
places by springs ; and so it is supposed that a more per- 
fect adaptation is gained of the parts of the ring to the cy- 
linder. This is certainly the case ; but the ring is much 
more complex than in the other form: — 

Pig. 177. Fig. ITS. 




In fig, 177, wedges are shown to he inserted behind the 
rings, with springs behind them, forcing them outwards ; 
and in figure 178, a single elastic hoop is substituted for 
&U those springs. Springs without wedges are also in very 
common use for metallic pistons with divided rings, 
double sets of rings being used, and the springs presang 
directly on the segments of the metallic rings, as in figs. 
179, 180. 
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A simple aperture in tbe cylinder-cover to permit the 
passage of the piston-rod, as in fig. 181, could not be made 
steam-tight : so that to prevent the escape of steam, a stuff- 
ing-box has to be employed. This consists of a box cast 
round tbe whole of the cylinder-cover, fig. 182, in which 
b laid, around tbe piston-rod and in contact with it, a large 
quantity of herapen-packmg. This packmg is lubricated 
with oily matter, and the rbg, fig, 183, is then placed on 




the top of it, and pressed down by screws, so as to squee 
the stuffing into every crevice. Stuffing boxes of this de- 
scription are employed wherever it is necessary to pass a 
moveable rod out of a vessel, or into it, without permitting 
the escape of tbe steam. Thus there is one at the entrance 
of each valve-rod into the steam-chest of tbe cylinder valve^ 
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'and also, wherever a moreable rod passes into or out of 
a boiler. 

The govMnor is an appendage to a steam-engine, of 
much value in regulating all its applications to the pro- 
duction of uniform revolving motion. It is merely a nio- 
dificatioD of an apparatus similar to the pendulum, and by 
which Huyghens once attempted to regulate a time-keeper 
instead of the common pendulum. If we suppose the axis 
A X, fig. 184, to revolve along with the ball B hung by a 
thread Irom .c, and also 
with two pieces of iron, 
« C, a: C, bent so as to 
itsria cheeks, of a form 
called the cycloidal 
curve ; then when the 
string B X comes in con- 
tact with those cheeks, 
the hall will perform 
each revolutioQ in the same time as it would make two 
OBcillalJons if merely swinging as a common pendulum ; 
that is, if there be 39-1 inches from the centre of B 
to X, the pendulum will revolve once in two seconds. 
If, however, the hall B he suspended from ^ by a straight 
bap, snch as B a; in figure 185, the line B z in devi- 
ating from A X will describe the circular arch A B, in- 
stead of a cycloid as formerly, and the time of oscilla- 
tion will vary as the ball recedes from A, the revolutioiiB 
being more rapid at b than at B. K in the position B, the 
perpendicular height a: C be 39-14 inches, then will the 
revolution be performed in two seconds, or at the rate of 
30 per minute ; while at b they will be performed in less 
time, and between B and A more slowly. The height C 
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r for any required number of rerolutions is eqi 
length of a simple pendulum, which mil give double the 
Dumber of vibrationa in the same time. If the mass of the 
ball and rod were supposed to be collected into a point, 
the length would be bad by the following easy rule 

Divide 35226 by the square of the number of revoln- 
tiona per minute, and the result is the height C x. 
to find C <c for 30 revolutions per minute : — 

30 squared = 30 x 30 = 900)35226( 

required height = 39'L4 inche&, 
The regulation of the engine by the rale of the admis*- 
sion of steam to the cylinder b effected in the following 
manner: — 

The balls B B, fig. 186, are suspended by rigid bars 
from the fixed joint or centre x. These bars being pro- 
longed to Aft, are joined by links /tyand A i/, to a moveable 
. socket y, which can slide up and down the aas. The 
[ straight lever t/ p is acted on at one end by y, and at the 
other it draws up or pushes down the handle of a circular 
disc y, so as either to close or open it to different degrees ; 
this disc, called the throttle valve, is placed within or in 
connection with the steam-pipe that supplies the cylinder, 
so that if the engine should at any time move too slowly, 
from having too much work to do, the balls will collapse, 
raise up y, and open v to the fullest extent, as at 4, in the 

* AJthough the mass is far from being collected Into > point, yet owing 
to a compaasatioD of orrora t}ie nila as now qualified will be a lolenibtB ap- 
proxinmtion In the tnith. Far while the ceatie of oacilistion of the ball 
alone would lie below its centre nf gravity, that of the rod would be ctam- 
derahly higher : so that, if the ciLlcuhition be made fbr the centre of UtO 
bull, it will be suffieiently correct for practioe ! because the t»dil are fl 
ndod with scraws to odjoet the podiioua of the balls. 
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small sectional 6gure to the right ; 3 being the meati po- 
sition ; while, on the other hand, should the engine, from 
its work being taken off, go '''«■ '*■ 

too quickly, the balls would 
fly off from the axis, bring 
down }/, and close the valve 
to 2 ; or if it bad happened, 
as by an accident, that the 
load was suddenly withdrawn, 
cjoae the valve altogether, 
as at 1 in the side figure. 
Instead, however, of the bars 
being always, as here, pro- 
loaged above x, they have 
frequently the joinls k h 
placed below x, and the soc- 
ket y below these again, as 
in fig. 187, and in several of the plates." 

* Thus fkr the govemai has been regaidcd BimpI;^ ob a caniCBl pi 
Inm. Bui is long as the balls are at neither limit of their range, thej are 
contiiiuall^ vibrating to axA from the Bpindle, and so much the more as 
tbey are revolving more rapid);. This arises chjeflj (roai the IVcqucnt va- 
riationi in the conlrifii^ force of the balla naturally exciting them to vt- 
bnte to and from Uie spindle ; edpeciall; since there is nothing In the ap- 
psfBtuB which has an; teadoncy to prevent such vibrations. The coose- 
qUQice is, that the throttle- lalve is kept in a state of perpetual osciltatinn, 
and loast therefore act with great irregularity m admitting steam to the 
cjBnder. ^itny atlampts have at different times been made to remedj 
Ibil defiwt in the guvemcr, but with no great succeu ; tor so little regard 
bn generally been paid to the real chaiactei of the evil, that for the moel 
pnt Mmu! remedy has been applied which seriously intcrtbres with the sen- 
AAli^ of the governor ; such as overpowering it with friction, or uang 
nmething which cauDes the throttle-iolve at one time lo stick ikA, at an- 
nher to move too fur with a start, and there again to remain Immoruble. 
Com like these are incomparabt; worse than the disease. 
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A substitute for the goTernor, depending on the reeis- 
tsnce of the air and ba\ing nothing to do n-ith the conical 
pendulum, has been invented and patented by Mr Hick of 
Bolton. A very oblique screw is formed on the nau^ up- 
right spindle. To this is tilted a heavy screw nut, or 
socket, fnmi^ed with two horizontal arms and vertical 
vanee, in such a loanner that when the spindle revolves ra- 
pidly, the resistance of the ^ on the vanes retards the 
socket, so that owing to its not revolving ao fast as the 
spindle, it ri«s by means of the screw, and at same time 
lifts the usual horizontal lever. When again tlie motion 
of the whole becomes more languid^ the weight of the 
socket causes it to descend on the spindle. But it is ra- 
ther doubtful if such a governor would possess suffif 
sensibility ; and it must to a certain extent be 
any change in the densitj- of the air, 

Of Condensing Apparatus. — The parts of the conden^ 
ing steam-engine which we have hitlierto examined, are 
in all respects identical with those of the high-pressure 
steam-engine. The characteristic difference conasta in 
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A TBry ample mode of efTectuBlIy preventing the vibnUJoiis of the hollii 
aad not liable to the sJmve objection, would be to fin upon the horiiotitB] 
lever of the govemoi, (prolonged if necesury,) tiro heavy weighU, vitb s 
coDuderabte distance between them, and aucb that their eommoD ci 
giBvit; might be in the fiilcnutt of the lever. Then it is evident, that 
while these weighti nauld oftei no sensible redstonco lo the lever beginning 
to move slo'lf , (hey would by their inertia so embnrniss any tendency la 
rapid vibcHtion aa to prevent it trma ever takiiig place. In this m 
the lever and valve couH always bo moved slowiy with perfect ease ; nei- 
ther at one time sticking fast, nor at another moving too lar with a 
In Ntustions where there might not be room to lengthen tlie hoiiiontal le- J 
ver, the weighti might be put on the ends of a long bar fixed lit an 
M the ieier and close by the fiilinum, which must still bu the ct 
gravity of the weights. 
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file manner in which the steam is disposed of after having 
done its work, and in the apparatus required for the pur- 
pose. In the high-pressure engine, the steam is discharged 
»rom the cylinder ^mply by allowing the entering steam 
to press the piston upon the outgoing steam, and force it 
^irough the eduction-pipe into the open air. Now, it re- 
quires considerable force to effect this ; we know that the at- 
laoephere must be pushedaway before the steam with a force 
^about 1 5 lbs, on each square inch of the surface of the pipe ; 
and therefore this much of the force of the steam, which ia a 
iwlonce for the air, that is, an atmosphere of steam, is con- 
fumed or thrown away in this employment. In the con- 
denung steam-engine, this atmosphere is saved. The 
a being liquefied almost instantaneously, a vacuum is 
farined on one side of the piston, and that part of the power 
*hich formerly was spent in the useless labour of forcing 
the steam into the air, is now employed in useful labour. 

If, therefore, we take a high-pressure Migine, such as 
llready described, and if we desire to form it into a con- 
ienung steam-engine, we must add to It a large reservoir 
if cold water, named the cold well, such as is described 
n one of Watt's steam-engines, in the historical part of 
s treatise; and in this reservoir we must place a close 
1 having an aperture or small pipe in it, from which 
fc jet of water shall play and spread through the interior, 
J as to form a condenser, Into which the eduction-pipe 
.1 conduct the steam from the cylinder. The quantity 
tf cold water thrown into this vessel to cool it, will require 
be six or eight times as much as is boiled off in the 
bape of steam. Attached to the condenser is a blow- 
Irough Talve, opening outwardly, which allows the whole 
mdenser, before starting the engine, to be filled with 
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Eteam, so as to blow out at the valve all the air that inaj' 
have previously got into it. The reader is referred to the 
historical part of this treatise for those parts iu the dc^ 
scription of Mr Watt's engine, and also to the plates, 
their deacriptJODS at the end of the volume. 

It must have already occurred to the attentive reai 
that such a condenser as has now heen described could 
not act efficiently for any conaiderahle time. On the con- 
trary, it is plain that the jet of water entering the con- 
denser would soon fill it up ; and even were thia not the 
case, itisevidentthat the whole steam which passes tlirough 
the engine being cooled into water in the condenser, this 
would accumulate and fill it up. This water must there- 
fore by some expedient be got out of the condenser witli- 
out admitting the air. Again, it is well known that water 
usually contains much air mingled with it, or retained in 
its pores, but which escapes from it when placed in a va- 
cuum. Now, this air would of itself rapidly accumulate 
in such quantity as to fill up the vacuum of the condenser, 
and render it inefficient Such air must therefore be re- 
moved out of the condenser, along with the accumulations 
of injection water, and the condensed water of the steam ; 
and therefore an air-pump ia provided, capable of remov- 
ing both air and water. This air-pump is placed beade 
the condenser in the cold well ; communicating with it by 
a foot-valve, which permits the air and water to go out 
and prevents their return ; and delivering that air and 
water which it removes into another smaller reservoir, 
named the hot well, from the circumstance that the water 
withdrawn from the engine lias been made warm by mix- 
ing with and conden^g the hot steam, which it does 
generally cool below 80° or 90° F. 



«B9^^ 



COSDBNSINO APPARATPa. 



185 



These appendages of the condenser, the cold well, the 
f InjectioB-pipe, the air-pump, the hot well, the blow-through 
f wive, the foot-valve, the delivering valve, &c., are reprc- 
Psented in fig, 187, iu a usual arrangement 

Pig. 1B7, 




8 the cylinder, b the eduction-pipe, c the condenser, h 
Fthe blow-through valve, ff the injection cock and pipe, h 
l-ihe foof^valve, d the fur-pump, e the hot well, ,/the cold 
rwater pump, to supply the cold well continually with 
rwater, when that cannot came directly from a spring or 
a sufficiently high. 

The reader will find other arrangements of these parts 
■in the plates and their descriptions. The air-pump is ge- 
illy worked by the great beam of the steam-engine, as 
li& the figure, and it baa about half the area and lialf the 
ftBtroke of the cylinder of the engine. 
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Dry condensatioQ is a subject which has attracted n 

attention ^m machinists ; that ie to say, it has been 
aidered very desirable to condense the steam without in- 
jecting water amongst it Mr Watt originally condensed 
in this manner. He merely placed upright pipes among 
cold water, and letting the steam into them, allowed it to 
be condensed by simply coming in contact with the inside 
of these tubes, which thus formed a condenser. The in- 
troduction of a jet of cold water was thus avoided, as also 
any air it might contain, and thus the air-pump had its 
duties much diminished. But the efficiency of the engine 
was found to be very materially unpaired ; for the instan- 
taneous annihilation of the steam was not eflected, in this 
process of mere surface condensation, in the efficient way 
in which it had been by the old system of a jet of water.' 



On Rotatory Steam-Engikes. 



The steam-engine being now most generally used 
our workshops, our manufactories, our steam-shipa, 
our locomotive engines, for turning round certain axles or 
wheels with a continuous whirling or revolving motion, it 
has therefore appeared to many, the simplest, tbe most 
elementary, and the most appropriate manner of applying 
the moving power, that the steam should itself follow the 
wheel which it turns, round tbe circumference of its circle 
of gyration, and so it is supposed, that by acting immedi- 
ately and directly on the wheel to be turned round, it 
should produce the most powerful effect. In this way the 
action of the steam would be made to resemble tbe turn- 
ing of a mill-wheel by the action of tbe water on the buck- 
ets of its rim ; and the arrangements by which such an 
elementary mode of action might be brought about, form 
what is called a Rotatory Steam-Kngob. 
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That Binplicity of form and of outlrae are essential to 
Simplicity of action, and to excellence of mechanical ac- 
hion, is a fallacy; that simplicity of figure and fewness of 
irts are objects of higher importance in machinery than 
i-durability, precision, and economy of operation, is a falla- 
f v^ ; that such an elementary machine, if constructed, could 
JL give forth any more of that power than is now rendered 
effective by the common steam-engine in every-day use, 
'is a fallacy, arising in ignorance, ending in disappoint- 
ment. 

We have to state with regret, that veiy injurious con- 
sequences have arisen from this popular error. Many men 
sf high talent and inventive geniiis have sacrificed their ta- 
lents, their industry, their lives, to this delusion. The pa- 
tent-offices of England, Scotland, Ireland, and France and 
America, the mechanical periodicals of them all, the trans- 
ictions of societies for promoting the arts, the " machines 
)4)prouvees par 1' Academic," the journal of the Franklin 
hstitution, all teem with inventions of rotatory engines, 
nd substitutes for the crank of the common steam-engine, 
1^ which power and simplicity are to be united in the high- 
S8t degree. And yet, when we look around us, we no- 
Vhere tind that a phalanx of talent thus concentrated with 
I singleness of purpose, and an indomitable perseverance 
rorthy a more hopeful object, has ever been successful in 
producing one form of mechanism to stand in competition 
irith the common every-day reciprocating-engine, with its 
crank and its fly-wheel and all its much condemned ap- 
]iendageB. In this country alone a crowd of inventors have 
iSot only proceeded so far as to expend their ingenuity, la- 
bour, and money, in inventing and constructing machines 
4f thia class, and making them the subject of experiment, 
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but more than a hundred of them have actually \ald out in 
succession four or five hundred pounds a-piece in procin:- 
ing the royal grant of monopoly for their valuable con- 
trivances. We feel it, therefore, to be oiu" duty to give a 
full and uncompromiang exposure of the fallacies of the 
rotatory enpne. We regard such a fallacy as a grievous 
obstruction to the advancement of the arte and the indus- 
try of Great Britain. It is to the prevalence of ignorance 
on this subject, that much of the misdirection of mechani- 
cal talent, in so far as it has been applied to the improve- 
ment of our prime movers, is to be attributed. Again anoL 
again, year after year, do we find the same machiue 
vented and re-invented, and the same experiments re] 
ed and the identical failures encountered. Of these fmlt 
ures, however, there is only a small number comparatively 
which comes before tlie public. Those alone which obtain 
patents are dragged into light j and of these we are only 
left to infer the subsequent failure, from the circumstance 
of discovering that their existence is recognised nowhere 
etcept in the parchments of the Patent-Office. It is in- 
deed a matter of general regret, not limited to the subject 
of rotatory engines, tliat false pride shotild prevent men 
from publishing the rraults of sucb experiments as may not 
be perfectly successful in accomplishing the objects origi- 
nally intended. It should be recollected, that, as evidence 
of the truth or falsehood of some great principle, no ex- 
periment is valueless, if simply and faithfully described ; 
and that, if it do not serve as a signal-post to point the 
way to truth, it may at least prove useful as a beacon to 
warn from tbe path of error. It is to unsuccessful expe- 
riments that we owe many of our most valuable scientific 
discoveries. The failure of an attempt to make a sucking 




^nmp operate wheu the working bucket was more than 33 
feet above the surface of the water, led to an acquaintance 
with the dextrine of atmospheric pressure, and opened a 
new field of research to the genius of Galileo, Torricelli, 
and Boyle ; and Sir Humphrey Davy is reported, on an 
occa^on where he was shown a dexterously manipulated 
experiment, to have exclaimed, "I thank God T was not 
made a dexterous manipulator, for the most important of 
my discoveries have been suggested to me by failures." 
Thus we find that the record of error may often prove a 
contribution to truth ; and the man who is sufficiently un- 
Belfieh to impart to others the benefit of such experience, 
IM the disinterested friend of science. Had all the fail- 

! of the rotatory engine hee.n publicly recorded that 
arenue of misdirected eflFort would long ago have been 
dosed. 

Our present object is to bring together and place under 
the eye of tlie readerj all that has been done upon this sub- 
ject; the attempts that have been made, and the failures 
of those attempts. We shall thus show that the attempts at a 
successful rotatory steam-engine which are every day pro- 
duced, are mere repetitions of experimente which have long 
ago been tried in circumstances precisely the same.and have 
long hopelessly failed and been abandoned : that these at- 
'jtanpts were made in rircumstancea that were well suited to en- 

e their success, had success been possible. Let it be recol- 
lected that the only useful office performed by machinery, is 

transmission of power from an animal or element, and ne- 
vee the creation of power. It can modify motion in direction, 
velocity, and force, so as to expend itself in one manner ra- 
ther than another, but it can never create motion or gene- 

B power. This is true, otherwise all the experience of 
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tbe laws of matter which has been obtained since the uae 
of inductiye philosophy would be talse. Solid matter may 
obey force and modiiy it, but can never create power. 
The only enquiry to be made, therefore, in regard to any 
engine in this : when the force of steam or any other force 
is applied to the machine, does it turn all that force to a 
useful purpose, without further diminution than is occa- 
sioned by necessary friction and reastance of the eut, and 
the least possible loss of power by transmission? When 
steam bursts a boiler, or water overturns the embankment 
of a reservoir, the powers of heat and of gravity produce 
their full effect ; but it is not a useful effect. The object 
of a machine is to expend it parsimoniously in rendering 
the greatest portion of its effect useful. In the case of 
steam the only question entertained is, which form of en- 
gine is best calculated for converting moat of that power 
to a useful purpose ? 

The common, or redprocating steam-en^ne, is d 
guished from the rotatory steam-engine by the nature 4 
certain parts of its mechanism, which convey the motion 
of the steam to the machinery which is to be moved : these 
are a piston-rod and crank. Now, it is owing to a radical 
misconception of the nature of this elementary machioe, 
the crank, that innumerable schemes have been devised 
for the production of circular motion, without the interven- 
tion of the crank, either by giving to the steam itself an 
immediate circidar action, or by the substitution of some 
other less elementary mechanism between the redprocat- 
ing piston and the revolving axis, as the means of produ- 
tang its rotation. In the most common form of the rotatonr 
engine, the cylinder, piston-rod, and cranked i 
superseded by a cylinder, valve, stop, and i 
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me way as a mill-whet^ is compelled to move in a circle, 
Bther by the direct action of water or wind upon it, so is 
e drum, or wheel, the valves, fans, or othw projections 
1 its circumference, urged round by the force of the 
earn, and, enclosed in an outer cylinder, or case, gives 
levolution to an axis to which it is attached. This direct 
rotatory action of the steam will, it is imagined, give out 
Ibe effect of the steam more powerfully, uniformly, and 

momically, than the common mode of recijH-ocating ac- 
tion when converted by the crank into revolution. 

Rotatory engines may be arranged, according to their 
Banner of action, into four classes :— 

Ist Class — Rotatory engines of simple emission. 

2d Class — Rotatory engines of medial effect 

3d Class — Rotatory engines of hydrostatical reaction. 

4tii Class — Rotatory engines of the revolving piston. 

As closely connected with the rotatory engines, in the 
fidlacy which lias given rise to most of them, we may add 
■ series of inventions, forming a 

5th Class — Reyolving mechanism substituted for the 
crank. 

Class L — The rotatory engine of simple emission forms 
the earliest, as well as the most rude and elementary, me- 
thod of giving motion to mechanism by the escape of va- 
r or steam. It is described by Hero of Alexandria, 
u iaa Pneumatica, upwards of 120 years before the Christ- 

a era, and depends for its effect upon the same principle 
winch gives to a rocket its career, and makes a fire-wheel 
levolve in displaying its beautiful lights. In these, as iu 

I instances where fire or steam, or any fluid or gas is 
generated in a chamber, from which it is permitted to is- 

e with violence, it will, in its exit, drive the vessel from 
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which it issues away from it in the opposite direction ; and 
it ia, in fact, merely an application of the principle of re- 
coil, where the gas generated by the explo^on of the 
powder urges tJie ball outwards in one direction, and forces 
the breech of the gun backwards in the oppo^te oiie. The 
same recoil is felt in all cases of simple emission of a fluid 
from a reservoir ; and if it be so arranged that water, 
steam, air, or the gaseous product of gunpowder, rushes 
out of a chamber throi^h the arms of a revolving wheel, 
the openings of escape being properly directed, the recdil 
will urge round the wheel, and we shall have a revolving 
engine of ^mple emis^on. By availing himself of this 
principle, the machinist of Alexandria produced a working 
engine, merely by heating a vessel containing water and 
air, and allowing the vapour to rush from two opposite 
orifices, at the ends of two arms proceeding from a sphere, 
ivhich the emission was employed to move. 

Instead of using the principle of recoil, the force of 
steam, lasiung with violence as we see it from tlie mouth 
of a kettle or boiler, may he directed upon the vanes of i. 
wheel so as to blow them round ; and thus we have a se- 
cond variety in the manner of converting the simple issue 
of steam into a moving power. This second species of the 
rotatory steam-engine of simple emisfflon has been already 
noticed ; it was invented by Branca in 1629. Since that 
time the engines of this class have been frequently rein- 
vented and slightly motUfied. 

The theory of machines of simple emission has been 
frequently and fully investigated ; and the result is, tliat 
there is no pos^bility of obtaining by simple emisaon, in 
the most favourable circumstances imaginable, more than 
half the power of the steam, so as to make it available to 
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tny useful mechanical effect. The other half ia wasted in 
living off its impulsion to the air, or is expended in a cur- 
wnt equally unavailing. Practical experience corrohorates 
the predictions of theory. Smeaton and Pelectaa have 
jnade the machine of fiimple issue the subject of careful 
experiment: — 3 parts out of 11, 8 out of 27, and 2 out of 
6, are the highest measm-es of the usetiil effect that it has 
t been found practicable to attain. 
Class II. — Rotatory engines of medial effect are those 
irhtch do not immediately give revolution to an axis, by 
e action of steam upon the wheel, but have a medium of 
»mmunicatioo between the power and the effect, which 
nedium is the direct agent in circular motion. This class 
f engines will be well understood, by taking as its type 
my simple steam-machine, such as Savory's or Newco- 
nen's, when used for raising water, to turn a common 
Dill-wheel. The engine of Savery raises water by press- 
Dg directly on its surface ; and it is only necessary to al- 
V this water to fall on a wheel, and it will form an eo- 
|ine of the second class. 

A variety of this class has been invented, of which tho 
iiTB-wheel of Amontons ia a type. The steam pushes 
rater through certain channels that form the arras of the 
iel, trom a set of chambers on one side of the wheel, to 
; corresponding set of chambers on the opposite, and thus 
e side filled with water preponderates over the other, and 
a wheel revolves. The water being constantly driven 
r by the steam from a given side of the wheel to that op- 
mte, uniform revolution is the result of the weight of the 
iter. In this case, although steam is the agent, water k 
e means of communicating the rotatory motion. 
Solids have also been made the medium of effecting ro-' 
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tation in this manner. Weights, in the form of piatons, 
have been transferred by the force of steam to a conside- 
rable digtance from the centre on one side of a wheel, anil 
drawn nearer to it on the other «de, so as, by bringing 
about a continual preponderance of one side, to effect a 
revolution. Watt and De Witty have deaigned arrange- 
ments of mechanism of this natm^. 

In this clafs of engines the loss of effect is manifest ; for 
it is necessary that the steam, in order to produce the c^- 
cular motion, shall give out its force in setting the medi- 
um, (viz. the reciprocating tackling in the wheel,) in mo- 
tion, and in overcoming the very great resistance of the 
liquid in all the pipes and passages and valves, through 
which it is transmitted to alternate sides of the wheel in 
every revolution. The force thus subtracted from useful 
eifect is power lost. 

In those which move waghts from and towards the cir- 
cumference, there are mere groups of reciprocating pis- 
tons, vritbout cranks, and partaking of the defects to be 
explained in Class V. In tact, in the engines of Watt 
and De Witty of this class, we have a number of recipro- 
cating engines ranged round a wheel to do the work of 
one. 

In the case of the fluid medium we have not only a ]os3 
of all the power expended in moving the medium itself, 
but also the additional loss of effect encountered in all 
modes hitherto adopted for applying a fluid to the rotation 
of a wheel ; a loss, in the best examples ever tried, exceed- 
ing the sixth part of the power. 

Class III.— En^nes of hydrostatical reaction a 
effective than either of the former classes. As inven 
by Watt in 1796, thisapecies of engine consisted of at 
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Vessels, in the form of hollow rings or circular channeb, 
vitb proper inlets and outlets for the steam, mounted on 
llorizoDtal axles, like the wheels and buckets of a water- 
mill, and wholly immersed in some fluid. These tuhular 
wheels were made of iron, six feet in diameter, and the 
reaction of mercury was employed to give revolution to 
them. The engine moved, hut was found to be inefficient, 
«nd was abandoned, although it had been tried in very fa- 
vourable circumstances. The principle of action b this. 
Steam b admitted into a circular channel, or chamber, on 
the circumference of a wheel. This chamber is partially 
filled with some liqmd ; the pressure of the steam is ex- 
pended in pushing the mercury in one direction, and the 
ftnd of file chamber in the opposite way ; bo that, while the 
liquid is thus forced out of the chamber, the chamlier is 
by an equal force pushed away from the liquid. The 
wheel is thus moved round. It b apparent that a part of 
'flie force is employed in propelling the wheel, and the re- 
b expended in overcoming the resblance of the 
Eqmd of reaction, and expelling it from the chambers, 
irfaich remainder is a large portion of the power withdrawn 
from useful effect 

Clabb iV. — Rotatory engines of the revolving pbton 
are constructed on a much better principle, and hold out 
Buch fairer prospects of successful competition with those 
if flie reciprocating piston, than any of the species of the 

t three classes that have been already eonsidered. In 
e classes the steam b not confined in rigid vessels, but 
its action is expended in producing currents in fluids, and 

lending motion in medial effects, which are useless, 
lEfaig is not the case in the steam-engine of the revolving 
|H8toa. The steam is confined in a close and rigid cham- 
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ber, and acts only on solid inflexible surfaces, and eacAftf 
along confined passages, bo that its full effect may be ob- 
taiQ<!il in useful work. Abstractly considered, it is an 
engine capable of giving out the full power of the steara, 
and, Iherofore, may feirly be imagined to come into com- 
petition with (be ordinary reciprocating crank engine. 
The objections to it arc entirely of a practical nature, and 
regard the engine, not in its abstract mathematical form, 
but as a machine made of destructible matter — of matter 
imperfectly elastic — of surfaces offering resistance to mo- 
tion — of matter obeying the known laws of motion and 
rest. These objections are not the less valid that they are 
of a sensible and tangible, rather than a speculative de- 
Bcriptiun. But, us a natural consequence of the more 
plausible deceptions held out by this species than by any of 
the three preceding ones, it has followed that the fallacies 
of this class have been more widely seductive than the 
others; and many eminent mechanicians have been led 
astray by them. The fallacy of this class of engines we 
shall expose in conjunction with the nest class, as the 
same misconceptions lie, to a con^derable extent, at the 
root of both. 

Class V. — Revolving mechanism substituted for the 
crank of the common steam-engine, for the purpose of 
obtaining from the reciprocating piston a rotatory effect 
otherwise than by the crank, and in a better manner than 
by the crank, forms a class of inventions involving fallacies 
similar to those in which the revolving piston bas.ori^n^^ 
ed. These Iwo may therefore be considered together 

Although the name of Watt has been included i 
list of inventors of substitutes for the crank, it shoul 
observed, that he was only driven to the i 
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tibstitute by the circumstance of a. patent having been pre- 
iouslj obtained fur the crank in its simple form ; and that 
le abandoned hia beautiful but more complex mechanism 
Q the instant that the elementary crank was released from 
le fetters of monopoly. It is due also to his memory to 
ty, that the sun and planet wheel, which he subBtituted 
ir the crank, is a disguised crank, possessing all the va- 
aable properties, excepting aimphcity and smallness of 
fiction, which gave to the crank its present eminence as a 
a of obtaining rotatory effect. It is remarkable that 
lie fallacies regarding the now universally employed crank 
sere coeval with the first suggestion for applying it as the 
rebicle of rotaUve steam power. John Stewart, in de- 
n^bing his mcchaniaia for this purpose, in the I'liiloso- 
hical Transactions, 1777, observes, that "the crank or 
riDch is a mode of obtaining the circular motion which 
uturally occurs in theory, but in practice it would be im- 
i^ble, from the nature of the motion of the engine, 
irWch depends on tlie force of the steam, and cannot be 
sertaiscd in its length ; and, therefore, on the first va- 
riation, the macliine would either be broke to pieces or 
fled back." Mr Sraeaton agrees with Mr Stewart on 
e inapplicability of the crank ; but adduces another ob- 
' That great loss would he incurred by the abso- 
e atop of the whole mass of moving parts as often as the 
action of the motion is changed, and that although a 
javy fly-wheel might be applied to regulate the motion, 
t would be a great encumbrance to the mill." In such 
e of evil omen was it thus confidently predicted, that 
le ample means now in every-day use for the communi- 
Uion of steam power to revolving machinery, would either 
e attended with great loss, be very desultory in its action, 
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or alt(^ther break the machine to pieces. At that time, 
however, the crank was not in use ; but the very same ob- 
jections are still urged by those who have, every day, be- 
fore them the practical confutation of their assertions. 

L In the abstract and purely theoretical view of the 
subject it can be shown that the present mode of applying 
the steam possesses none of the disadvant^ea, and that 
the rotatory mode possesses none of the superiority attri- 
buted to it 

In making the comparison between the rotating and re- 
dproeating piston, let it be supposed that the vessels con- 
twning the steam are equally rigid, equally perfect in their 
form, and are equally divested of friction, and that there 
shall have been obtfuned for the steam a basis of reaction 
as satiafactory in tlie case of the rotatory, as that which the 
reciprocating engine possesses in the ends of the cylinder ; 
then, upon this hypothetical condition, neither engine will 
excel the other, each will move over a space with a power 
and velocity proportioned to the steam which is spent on 
it, and that engine will do most work which uses the great- 
est quantity of steam. 

The great fundamental principle In the ctmstructioQ of 
machinery is, that the work depends in quantity only upon 
the quantity and velocity of the power appUed, and not at 
all upon the form of tbe machine ; in other words, that a 
machine has no power, either of consuming or creating mo- 
tive power ; that it can only transmit it ; that it can only 
modify it to suit particular purposes; and that what it 
loses in pressure it will gain in velocity ; this is on tbe 
supposition, of course, that the machine is perfectly well 
made, without friction, and without permitting the escape 
and waste of power in some effect not conducive to the 
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end in view. Setting out, then, from this great 
mental principle of virtual velocities, we might Ba.haiy v». 
selves with asserting the truth we now wish to establish as 
an evident deduction from it, and thence conclude that 
there is not necessarily any loss of power by the crank 
steam-engine. 

This summary process would not, however, satisfy the 
enquirer or inventor who has taken the erroneous view of 
the subject, unless he were given to understand how this 
great doctrine may be made to bear on the peculiar diffi- 
culties of the case. He will return upon us with the ques- 
tion — " How ia it that, in the common crank, we are able 
to show that, at two given points in tte revolution, the po- 
ation ia such that an infinite power would produce no ef- 
fect at all ; that there are only two instants of time in 
which the force and its effect are equal ; and that, at every 
pther point, the pressure given out by the steam to the 
t is less than the original pressure of the steam on the 
How is this inconsistency to be reconciled ?' We 
fhink it right to give a direct answer to this question, be- 
luse a conmderable authority, Mr Tredgoid, has made a 
irious mistake in reporting, and apparently demonstrating, 
tat the rotatory and crank engines actually dilfer in 
theory in the proportion of 2 to 3 — the proportion being 
ainst the rotatory engme ; whereas, if they be not equal, 
T whole system of mechanics once the time of Galileo 
a been resting on a fallacy. 

Let it be recollected, then, that at the two extremes of 

lie line of centres the greatest loss is said to take place. 

iw, here the fact is, that it ia impossible there can be 

8 of power, for there is no power at all exerted ; there 

I no steam in action : it is forgotten, that, at this point, 
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the commuaicaUon which supplies the steam frava the boiler 
has been cut off. The steam on oneaideofthc piston hav- 
ing done its work, only waits to be released from the cham- 
ber, and escapes on the instant of the opening of the educ- 
tion-valve, and at the same instant is in the act of being 
pemutted to enter on the oppoate ade, for reversing the 
motion. At these points, therefore, all application of force 
has ceased, and arrangements are making for reversing 
the motion ; and, as no power is applied, none can be 
lost. 

In regard to the remaining points of the circle, at wluch 
it is said that power is lost, it Is easy to show that the 
velocity imparted to the crank is such as to be an exact 
equivalent to the force wliicli is apparently lost The fol- 
lowing table presents the results of calculations of power 
and velocity, showing that the relative velocity at a ^ven 
point iu the drcle is increased exactly in the same ratjo aa 
the force or useful pressure is diminished so as at all times 
to present the same dynamical equivalent The table ex- 
tends from the one neutral point of the orbit of the crank 
to the other, comprehending a semicircle divided into ten 
equal parts. The first column indicates the point in the 
semicircle at which the force and velocity are estimated ; 
the nest column shows the per-centage of the direct force 
of the steam on the piston, which is given out in useftil 
pressure upon the crank of the engine ; and the laat co- 
lumn, the relative velocity of the crank at each point- 
Place of Ihe Per-Centage of RelstiTe 
crank. power given out in pressure. Telocity. 
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Infinite. 
3.236 ^H 
1.701 ^H 
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30.90 


3.236 


0.00 


Infinite, 
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From this table, already explained when treating on the 
crank, it la evident that when we take note, as we must do 
a every correct estimate of power, both of force and velo- 
Hty, the crank has at each point ttie equivalent in greater 
ITclative velocity for less force, 

Tbe numbers in the second column also represent the 
elocitjofthepiston in relation to the crank; so that, when 
be velocity of the crank is uniform, the velocity of tbe pis- 
ton, or the steam consumed, which is proportional to its 
velocity, is in tlie exact ratio of the useful pressure on the 
:, or that reckoned in the direction of its motion. 
The last consideration which we shall submit upon this 
t of the subject is, that If the average of the useful pres- 
taxes on the crank be taken for every point of its orbit, it 
Irill amount to about 63-3 per cent, for the whole circle. 
Now, as the circumference of the orbit of the crank 
fa greater than the stroke of the piston in the cylinder, the 
irbole space described in a given time by the crank is 
jater than the whole space described by the piston, also 
n the proportion of 3'1416 to 2 ; so that, if we combine the 
Mter length of the whole orbit with tbe smaller useful 
ce on it, we shall have an exact equivalent to the greater 
oe on the piston moved through a smaller space. 
Tlie error of Mr Tredgold lies, not in his estimate of 
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the effect of the crank, but in his estimate of the effect of 
the steam in the rotatory engine. By a strange oversight, 
he gives a statement of its power as much under the truth 
Ba that of the crank is generally stated under the truth. 
We admit that, in the first abstract view of the subject, 
the rotatory is theoretically a perfectly efficient propaga- 
tor of power, and we have merely designed to show that 
in theory the crank has not the faults usually attributed to 
it, and is also a perfect machine. We shall by and by 
show what the conaderations are by which the impracticabi- 
lity of the rotatory scheme is exposed. 

It appears, therefore, that the power of steam is by no 
means disadvantageously applied through the medium of 
the crajik in the ordinary way ; because, 1. the relative ve- 
locity of the crank is in the inverse ratio of the useM pres- 
sure upon it ; 2. because the average of useful pressure on 
the crank during the whole revolution is less than the pres- 
sure on the piston, only in the proportion in which the 
whole space moved over by the latter is less than the space 
described by the former, so that the whole effect is equal 
to the whole power; 3. because the steam is not at all ex- 
pended at the neutral points, and because its expenditure 
is at every point exactly proportioned to the pre8fiure which 
it ^ves out, the velocity of the piston being iu that ratio. 
In theory, therefore, the ordinary crank possesses no infe- 
riority to the rotatory machine, as an engine for applyiuMgi 
the power of steam to revolving machinery. H 

IL In a practical point of view, it may be shown, that 
the rotatory steam-engines are as yet greatly inferior to 
the common reciprocating crauk-engme in simplicity of 
parts, easy construction, cheapness, amount of friction, 
compactness, precision and uniformity of work, and dura- 
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UHty and economy in use ; and that they do not possess 
any of tbe peculiar applicability that has been attributed 
to them, to the great purposes of inland nat'igation and 
lailway transport. 

1. Simphcity. — ^A little rnifEumesB is sometimes inad- 
"vertently used by inventors of rotatory engines, in making 
comparisons with their machines and the common crank 
engine ; they select the large beam-engine with alt ils con- 

ences and appendages, and compare it with the am- 
plest form of tlie rotatory engine ; but in justice we may be 
allowed to take the simplest form of both. Now, there is 

nple form of engine used both in America and in this 
tsountry, of tbe oscillatiag species as it is called, and this 

ies of reciprocating engine consists only of the follow- 
ing parts : — cylinder, piston, and cranked axle ; there are 
valves or further mechanism of any kind, so that where 
nmplici^ is the first great requisite, this kind maybe used 
with advantage. The rotatory engine of the most simple 
species must have its drum, diaphragm, piston, and axle. 

If we take those forma of the rotatory engine which re- 
qmre valve-gear, air-pump, condenser, force-pumps, &c, 
such appendages will have no advantage df any kind, in 
^ther form; but in working the pumps which are them- 
selves reciprocating, the reciprocating engine will have the 
advantage of more direct, immediate, and simple action ; 
for in the rotatory engine additional mechanism is neces- 
sary to convert the revolving motion into one calculated 
for redprocating pumps." 

■ But Bnce in n*iproeBling engines, the beama seem to he graduallj go- 
ing out of UK, tlia; will at length cease to have aiij' atlvaatage ovei the ro- 
tstmyiort on the score of beams. It in for thla reaaoa that enme similu 
olyectioaa, repeats and urged at greater length a little farther on in the 

M edition, are now omitted. 
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2. In ease of constraction the simiile form oFrecipro* 
catiog eii^nes iocoRiparably excels the rotatory. To pos- 
sess equal powers, the rotatory drum would require to be 
of much larger diameter than the reciprocating cylini 
and the difficulty of construction increases in a high 
with the diameter. The diaphragm is also a sliding 
revolving piece of mechanism, whose rubbing surfaces re- 
quire the greatest preciaon of workmanship. The revolv- 
ing piston is also a practical problem of the greatest diffi- 
culty, and one which has never been satisfectorily solved ; 
for if it he rectangular with plane surfaces, it ia scarcely 
pos^ble to make its surfaces steam-tight ; and if it be a 
circular and revolving piston, its surface and that of the 
drum become surfaces of double curvature, and the diffi- 
culty is then prodigiously increased. The metallic piston 
of the common steam-engine is the most perfect and most 
simple piece of mechanism, which can be made by a very 
ordinary workman, and which, if imperfectly fitted, will, in 
the progress of doing its work, become of itself every day 
more and more perfect. An editor of a well-known prac- 
tical journal, although an advocate for the rotatory engine, 
speaking of one of its simplest forms, ia compelled to ad- 
mit, " that there being no mode described of making the 
parts of the engine steam-tight by packing, they must be 
all made so by accurate workmanship and grinding, the 
expense of which, in the outset and in repairs, would cer- 
tainly be too conaderable to allow it to come into compe- 
tition with other steam-engines of a more common and 
practicable construction." His admission is equally ap- 
plicable and fatal to all the forms of the engine. 

3. The cheapness and first cost of the engine will re- 
, suit from the two former points of inferiority, and will be 
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iirtter shown, from those which follow, to be greatly and 
necessarOy in favour of the common engine. Not only 
are the parts, from their nature, more easy of construction, 
Imt the extent of polished surface will be shown to be 
much greater in the rotatory, than in the reciprocating 
engine. 

4. The quantity of surface exposed to friction is greater 
in the rotatory engine. Let it be recollected that, in the 
rotatory engine, the piston describes the semi-circumfe- 
rence of the circle, while the piston of the reciprocating 
engine is describing the diameter of it. Let It also be re- 
DoUected, that the reciprocating piston passes back through 
tile returning stroke, over the very same surface through 
which it formerly descended, while the rotatory piston 

irily revolves over a new aurface, forming the other 
Bcmi-circuinference of its orbit Let it also be recollected, 
ftat the form of the reciprocating cylinder may be bo pro- 
portioned, ttiat it may have a minimum of surface, while 
the length of the circuit of the rotatory piston prevents 
e possibility of giving it a proportion to the radius of the 
ton by which this object would be attained ; for it would 
Ike equivalent to making a circle whose diameter should 
fbe equal to its circumference, which is impossible. It is 
impossible, therefore, that the friction can ever be as small 
in the rotatory as in the reciprocating en^ne. 

5. Compactness. — It follows in like manner, that the 
tulk and space occupied by the rotatory engine must be 
greater tlian in the reciprocating engine ; for in the one 

aton must describe the circumference of a circle, 
whose diameter la greater than twice the radiua of the 
piston, and in tlie other case it is only necessary that the 
piston pass through the diameter of it. 
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. In precision and UDiformity of working, ita 
rity will be rendered manifest under head IIL, when the 
peculiarities of the crank are explained. 

7. In durability and economy iu the wear and tear of or- 
dinary workiDg, the rotatory must, from certain elements in 
ita constitution, be necessarily far inferior to the common 
engine. Itcontainsintherery natureofitsactian, elements 
of speedy destruction and expenave and frequent repairs, so 
that it can never become an economical en^e. Before 
proceeding, however, to demonstrate the cause of this infe- 
riority, the fact of this inferiority as existing in all previous 
engines, we shall adduce from the unwilling evidence of a 
friend to rotatory engines. Speaking of Mr Halliday's en- 
gine, he says that " the extreme accuracy and nice fitting of 
parts necessary for it, will make it very difficult to execute 
and very easily deranged. Rotatory steam-engines possess 
considerable advantages both as to speed and economy of 
power, and would therefore be preferable if they could be 
made to work as well for a continuance, and be as easily 
kept in good order as common alternating steam-engines ; 
but from their being so very seldom used, we apprehend that 
this is very far from being the case with any of them at 
present, and tliat tbe production of a rotatory steam-en- 
gine possessed of these necessary qualities, is still an oIh 
ject of research." So far the Editor of the Repertory of 
Arts, in testimony that the rotatory steam-engine never has 
been made to work durably and economically ; we now 
go on to show the reason. 

It is essential to the durability of a machine that its 
parts should wear uniformly, and that, if possible, the mere 
process of wearing should make them fit each other 
closely. Tliia is pre-emineutly true of tbe piston and 
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Under of a common reciprocating gtcam-engine. Its pis- 
ton, cylinder, and valves fit more closely as they wear, and 
are worn with perfect uniformity, so as not to require re- 
pwr, until, by long working, the whole thickness of matter 
Jn action shall at length have been consumed. This is 
file perfection of mechanism, and is admirably exemplifi- 
ed in the metallic piston of a steam-engine, which, work- 
big night and day, will require no repair of any kind, un- 
til, after a long period of years, the whole strength of the 
imetallic rings shall have been consumed. 

In the rotatory piston, this uniformity of friction, this 
increasing adaptation of surfaces, this permanence of the 
working condition, has not been attained. A com- 
mon reciprocating steam-engine attains its best working 
condition after it has wrought for some years; but a ro- 
tatory Bteam-engine, if it have been brought by care and 

vision in workmanship to a state of high finish and 
perfect accuracy, bo as to work well for a day, commences 
from that moment a course of deterioration, every suc- 
!e of which accelerates the progress of de- 
ay ; a decay which has as yet only been retarded by con- 
inual, laborious, and cspensive repairs. The following 
considerations may illustrate this. 

Suppose two perfectly flat plates of polished metal per- 
fectly round to be laid one upon the other, so as exactly 
to coincide at every point; let the undermost rest upon a 
table, and let the uppermost be so made as to turn round 
a axis while in contact with the other, and let a rapid 
motion be communicated to the uppermost; let us consi- 
■der what the result of the attrition of one of these upon 
the other will be: will they wear equally, so as to remain 
in a state of mutual adaptation, or will they not ? Expe- 
peoce furnishes us with a reply that exactly quadrates with 
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a reasonable expectation ; they will not wear equally, Qiejf 
will not retain their form, they will not remain flat: they 
will wear away most rapidly at the circumference, and 
wear open there while they are quite close at the centre. 
This is principally owing to the want of perfect steadiness 
in the centres or axles, which allows the one surface in 
some degree to rock or oscillate on the other : and thus 
the parts more remote from the centre have an opportunity 
of alternately meeting and separating whilst rcTolving, 
and consequently, of wearing each other beyond where 
they meet when at rest.* This circumstance has caused 
the failure of many beautiful inventions. It is one of 
the reasons why conical bearings have been abandoned 
for cylindrical ones; and it is the reason why a most 
beautiful class of inventions lias been totally useless to the 
improvement of tlie common steam-engine ; we refer to 
the revolving valves invented by Oliver Evans and by 
Murray, but now abandoned, in spite of tlieir simplicity 
and original cheapness, on accoimt of tbis inequality in 
the attrition of flat surfaces revolving round a centre. 

The application of the result of this illustrative experi- 
ment to the subject in question, b abundantly obvious, 
The rotatory piston is necessarily and inevitably of this 

■ Thia has bceo BometioiEs, although very inipropetly, BBcribed lately 
to the grrolcr veloeitj of the parts which are more remote from ihe centre, 
oiMMsioning more rapid wear. But on no Bueh hjpolheaa alone can it be 
eiplained. Fot if the central parts ure realtj' keeping the parts separata 
which are more remote ftom the centre, (lien the parti only IhnI are in 
contact would wear, which wouhl allow the real graduall)' to Jwcome close. 
Thus the eril would efiectually cure itself, without any regnrd to diilaoce 
from lie centre. Indeed nothing like any Eatiafaclory jeaaoii has evw 
hcen given why two sphericiil eurlates, a hollow a 
continue to work perfectly tight. 
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Mature. Performing a circuit round a centre, different 
^ortioDB of the bearing surfaces subjected to pressure, 
■nd necessarily in contact, and requiring to be steam- 
tigbt, revolve at unequal distances from tbe centre ; hence, 
ffing to the want of perfect steadiness in the axles, wbe- 
ter arising from Inoseuess or yielding of tlie parts, the 
arcumferential surfaces wear more rapidly, and become 
infit for use long before the central parts have suffered 
my sensible effect It is this unsteadiness which renders 
I impossible to keep some rotatory engines in a working 
londition with advantage; and hence each day's work 
iders them less fit for the duty of the next 
8. The peculiar applicability of the rotatory form to 
J navigation and land locomotion has been much in- 
iated on by projectors of rotatory engines. In a steam- 
<el, it is first of all desirable to have the axis of the 
Haddies as high as possible, and the weight of tbe engine 
8 low as possible- Now if the engine be placed on the 
B of tbe wheels, one of two evils is incurred ; either the 
xia of tbe wheels must be brought low, wliich impairs tiie 
ction of the paddles, or the weight of the engines must be 
ised, rendering the vessel top-heavy, unsteady, or, as it is 
echoicaUy called, " crank," and liable to be upset By tbe 
rdinary engine, the axis is elevated to or above tlie deck, 
rhile the weight of the engine remains on the floor, at the 
1 of the vessel. Again, to the application of the ro- 
f steam-engine to terrestrial locomotion there are si- 
jilar objecUons. If the i-otatory engine is placed imme- 
istely upon the axle of the propelling wheels, there can 
B no springs between it and the wheels, so that every jolt 
uuld derange the machinery. The weight of the engine 
f placed on the axle would in turn reciprocate the evil by 
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knocking the wheels in pieces. In the reciprocating en- 
gine, these evils are prevented by the detachment of the en- 
gine from the axle, and the propagation of power through 
rods, wheels, or chains, to the propelling wheel or axis; 
and if anj fault still remain in the prindple of locomotive 
engines, it is the want of perfect detachment in the very 
respect which the introduction of the rotatory engine would 
render so difficult. 

AU these considerations, of a most important and im- 
mediate practical bearing, clearly prove, that although, in 
the most abstract and elementary theoretical view of the 
subject, there be an apparent equality of effect m the ro- 
tatory and the reciprocating steam-engines, yet there are 
practical objections to rotatory engines which have not yet 
been overcame. 

in. It is lastly our duty to show that the common re- 
ciprocating crank steam-engine, not only does not possess 
the disadvantages attributed to it, hut that it possesses cer- 
tain very peculiar properties which may not have been hi- 
therto clearly understood and defined, but which neverthe- 
less do adapt it in so admirable a manner to the nature of 
steam and of solid matter, and to the necessary imperfec- 
tions of all human mechanism, as to have rendered it tri- 
umphant in universal practice over every competitor. 

1. It was long imagined that the transmission of power 
through a ermih, or bend, or handle in an axle, was attended 
in the steam-engine with great loss of effect. In tlie opi- 
nion of such men as Smeaton, the crank was never likely 
to be used as the means of obtaining rotatory motion from 
steam ; while it is this very crank that is, in our day, used 
alone and universally over all other methods, although a 
great variety of other methods have been successively in- 
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vented, and finally abandoned for the simple elementary 
o-ank. Yet it is not without some show of reason, that 
objections have been made against the practical working 
•f the crank. We admit that the argument was rather a 
ataggering one, but the difficulty has lately been wholly 
temoved. 

The ata^ering fact to which we refer was this: it is given 
18 stated byDrPenneck of Penzance, Cornwall, in describ- 
ing a substitute proposed by him for the crank. " Some 
have considered a wheel as one-tbird more powerful than 
crank, and others that no power is lost by tbe crank ; 
but, confining myself to practical results, it appears from 
&e report of the duty of steam-engines, as done in Corn- 
wall, and published by the Messrs Lean, that the perform- 
mce of the crank engines bears no proportion to those in 
which no crank is employed." He then proceeds to show 
tbe advantages of his own engine, in which a ratchet-wheel 
B moved by an arm, always acting at the extremity of a 
ndiue, by which means he hopes to save the loss of power 
occasioned by the crank. The fact related by Dr Pen- 
i was perfectly accurate. It had happened that the 
Uank steam-engines, working expansively in Cornwall, 
r given out an adequate efi^ect That the fault 
iid not lie in the crank, but in other parts of the arrange- 
pent, is now apparent : it consisted in the want of proper 
its to admit of favourable action in using the 
^anavely. Arrangemenia for this purpose have, 
however, been at length accomplished, and crank engines 
ire now in Cornwall doing the same work a^ the average 
f those that have no crank. We have before ns indica- 
B of the actual pressure of the steam on the ci/lijtder^ as 
iitUDed by a very accurate indicator, applied by Mr Smith 
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fop Mr FairbaJrn of Manchester, who visited tlie tnineafer 
that purpose, and has been kind enough to favour us with 
a copy of his diagrams and observations." We have thus 
the means of comparing the power actually exerted on the 
piston with the work done, and find the result of the com- 
parison to be, that the work done is joit/iin ten per eent. of 
being perfectly equal to the power employed. Here, then, 
we arrive at this concluaon, that the utmost reach of im- 
provement in the mecbanism of the Bteam-engine, if it even 
attained to perfection, would not save more than a few per 
cents. That the crank-engine is, therefore, as at present 
used, as near in practice to the perfection of meclianism as 
anything we can hope to obtain, is, we think, satisfactorily 
expldned. 

2, The crank, as a means of converting the reciproca- 
tion of the piston of a steam-engine into continuous re- 
volving movement, possesses certain singular and beauti- 
fiil properties which distinguish it from every other means 
of producing that conversion, and which appear to be so 
perfectly adapted to the nature of steam and the constitu- 
tion of solid matter, that we are Indebted to it materially, 
though indirectly, for the very great advantages which we 
derive from the modem ateam-engine as a source of me- 
chanical power. Let us examine into the causes of this 
well-established practical superiority of the crank to all 
other modes of producing revolving motion. Let it be 
observed, that in the redprocatlng piston, from which tlie 
crank derives its motion, the following things take place : 
the piston is to be put in motion in one direction, then 

• The results of cxtsnuve and nceurate esppiii 
gmee, by a. Committee of the British AMOcIation, a 
for 1843, \Ui. 
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itopped, then put in motion in tlie opposite direction, 
■topped again, and then its motion resumed in the iirst di- 
We shall see how admirably the crank adapts 
iteelf to these changes ; so that, while the piaton with which 
I rigidly connected takes every velocity between its 
Diaximum velocity and perfect rest, the crank goes forward 
*ith a motion perfectly regular and perfectly unimpeded. 
The necessity of this gradual change from motion to rest, 
md a reverse direction of motion, is obvious. Matter in 
motion acquires momentum and cannot be stopped, bat its 
impetus must be equally and gradually removed, otherwise 
these moving parts are subjected to concussion as if by the 
^oke of a hammer, and must either suffer injury or pro- 
duce it ; for, when in motion, matter requires a force to 
^p it equal to the force which gave it that motion. And, 
on the other hand, when brought to rest, matter cannot 
.instantly be set in motion in the opposite direction without 
« stroke and concussion equally violent. To work smoolli- 
ly, durably, profitably, and uniformly, matter must be put 

t motion by gentle gradations, beginning with a very 

igentle velocity, and gradually increasing in velocity like 

Ik body set in motion down an inclined plane, where, if it 

nove one foot in tlte Iirst second, it moves three in the 

, five in the next, seven in the next, and so on ; and 

1 like manner in coming to rest, it must do so in the same 
idual way in which an arrow shot from a bow vertically 
jmto the mr loses its motion ; for in the end of its course 
it moves seven feet in the first quarter of the last second 
of time, five ieet in the next quarter of a second, three feet 

1 the next, and only one foot in the last, and then sub- 
Udes into rest at the instant before it recommences mo- 
tioD downwards, which it does in a manner perfectly simi- 
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lar. It b required, therefore, that while the motion wluch 

the steam gives offhythe crank be uniform and continuous, 
the parts of the engine itself shall be allowed time to be 
alternately brought into a state of rest, without shock, con- 
cussion, or jolt, and equally, gradually, and gently be 
again urged to their greatest velocity in the oppoate di- 
rection. All this the crank effects with the most exquisite 
nicety of adjustment ; it stops the piston when in motion 
as gently and softly as if a cushion of eider were placed to 
receive it: and after having brought it to rest, again be- 
gins and accelerates its motion, as gradually and gently, 
to the highest velocity in the opposite direction. An ad- 
justment so perfect is only possible in such a relation as 
that which subsists between the circle of the crank and 
the axis of the piston. Now if we compare this mode of 
action with any of the substitutes for the crank, by which 
it has been proposed to gfun uniformity of power, we shall 
find that in these it would be required thAt the transitions 
from rest to motion and from motion to rest should be in- 
stantaneous; and hence such arrangements, being soon 
disordered, have been abandoned. It will also be found 
that in rotatory engines it is necessary that the transitions 
and changes of arrangement, where these exist, are neces- 
sarily instantaneous, or if not, that steam is lost, or that the 
boasted uniformity of power is sacrificed. 

3. The next property of the crant, as an elementary 
machine for the conversion of motion, is its remarkable 
power of reducing errors of construction, arrangement, 
and execution. It is one of the highest recommendations 
of a piece of mechanism, that any trivial errors committed 
in its construction shall not materially injure its efficiency ; 
and that any slight derangement in its adjustment shall 
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not be attended with immediate deterioration or aggravat- 
ed injury ; but that, on the other hand, the efficiency of 
the machine shall be consistent with such degrees of cor- 
rectness in workmanship, and accuracy in adjustment, and 
care in using it, as are consistent with the usual amount of 
intelligence and attention of ordinary workmen ; and that 
the progress of derangement and necessary tear and wear 
shall be so gradual as to give timely warning of danger, 
and admit of ready repair and re-adjustraent. The crank 
is precisely such a piece of mechanism. Errors in the 
construction or adjustment of valves and other vital me- 
chanism are diminished in effect bj the crank one-hun- 
dred-fold ; the changes of the valves, the essential part of 
the mechanism, take place only at the top and bottom of 
the stroke. Now at these instants the crank is on the '' line 
of the centres," as it is technically called ; and it is just in 
this position that a minimum of force is made to act on the 
crank ; so that if the valves do not open with perfect pre- 
(deion, but either a little too soon, or a little too late, then 
will such error at that part of the circuit be of compara- 
tively trifling coDsequence, because then the motion of the 
piston is so slight, that through an arc of twenty degrees 
of the crank it does not describe the hundredth part of that 
space ; and the effect of any error committed within that 
range will not affect the result in the crank by one-hun- 
dredth part of its full amount. 

In like manner, errors in management and errors aris- 
ing from wearing, are reduced a hundred-fold in effect by 
transmission through the crank. It has frequently been 
to us matter of astonishment, to see at the mouths of coal- 
pits, mines, and quarries, mere remnants of engines, frwl 
rusty old fragments of iron and wood, so loose as scarcely 
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to stand upright upon their bases, to see these superamiH- 
atetl drudges performiDg heavy work to a very large per- 
centage of their fiiU power, 

4, To these circumstances we may add, that it is to the 
posee^OQ of these properties that we may attribute the 
feet, that reciprocating engines are constructed of enoi^ 
mous weight in their moving parts, and of ponderous di- 
men^ons, without being thereby sensibly deteriorated in 
working. The crank 'is but slowly accelerat'^d at the com- 
menceraeut of tbe stroke, and an accelerated motion is 
thereby acquired in a manner equally gradual by all parts 
of the machine ; and in like manner, at the termination t>( 
the stroke, it brings them to rest in a gradation so gentle 
ajid uniformly retarded, as again to receive from them much 
of the impetus which it had formerly communicated. Tbe 
impetus, therefore, given to the reciprocating parts is only 
imt, not losL 

We have thus endeavoured to expose the nature of the 
fallacy under which they labour who imagine that the pre- 
sent steam-engine, as derived from Watt, is a machine 
which destroys or absorbs a large portion of the power it 
is designed to transmit, and who look to the rotatory en- 
gine as a means of increasing tbe amount of the power 
given out in useful effect. That the rotatory engines which 
appear day after day are not new, we show from the fact, 
that the five great classes wliich comprehend them all have 
already been invented and re-invented by upwards of a 
hundred individuals. That their inventions have been un- 
successful, is manifest from the non-exislence of their ma- 
chines in the daily iise of ordinary manufactures. That 
the failures of these contrivances did not arise from defects 
accidental to the peculiar arrangements and contrivance 
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engine, is rendered probable by the great variety of 
in which they have been re-invented, tried, and aban- 
led. That they have not failed from deficiencies in the 
Vorkmanship and practical details, is rendered etdll more 
probable by the circumstance of finding among the naniea 
tf inventora thoae of the most eminent' practical engineers. 
We have next shown, that in theory, the crank of the steam- 
in common use cannot, as has been supposed, be 
■ttended with a loss of power, as such loss would oppose 
ibe established doctrine of virtual velocities. It is also 
Aown, from very simple and elementary conaderations, 
'hat appears to be lost in force is resumed in velo- 
city '> that in proportion as the mean force on the pbton is 
Beater than the mean force on the crauk, in that propor- 
ioQ is the space described by the latter greater than the 
gnce described by the former ; that the dynamical effect 
Hoduced in a given time, is exactly in the proportion of 
ttiB steam expended in that given time. And thus have 
arrived at the conclusion, that the common reciprocal- 
big crank steam-engine has not the faults attributed to it 
some unsound theories, and which the rotatory engines 
'e been designed to remedy. We have next taken the 
ical view of the subject. In simplicity of parts, the 
itory engine has no advantage over the reciprocating 
m ; in difficulty of construction, the rotatory piston far 
the reciprocating engine : it is more expensive at 
outset — it has more friction — it is more bulky and less 
ipact — it is inferior in precision and uniformify of action 
the crank-engine — aud there is a peculiarity inherent 
the very nature of rotatory mechanism, owing to which 
rotatory engine has never yet been rendered either an 
ical or a durable machine. We have farther shown. 
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that even if the rotatory engine could be made economical 
and durable, its very nature renders it unsuited to the 
great purposes of ateam navigation and inland locomotion ; 
objects to which it has been considered peculiarly appli- 
cable. We deemed it an appropriate and instructive con- 
clusion to our enquiry, to esamine into the action of the 
crank, for the purpose of discovering what those remark- 
able qualities are, which have given to the crank of the 
common steam-engine its unrivalled superiority as an ele- 
ment for the production of circular motion, and a degree 
of perfection unattainable by any other mechanism. We 
have seen that well constructed crank steam-engines are 
daily performing duty which is within ten per cent of the 
theoretical maximum of possible effect — of absolute per- 
fection ; that this practical perfection arises from the sim- 
plicity of the crank, from its wonderful adaptation to the 
nature and laws of matter, and of circular motion in con- 
nection with rectilineal motion — from its reduction of er- 
rors either in constructaon, adjustment, or management, so 
as to work well without the absolute necessity of greater 
intelligence, espertness, and precision, than belong to or- 
dinary workmen— and from the compensating nature of 
the arrangement of its structure, by which it is accommo- 
dated in a remarkable degree to the necessary im|jerfec- 
tions of all human mechanism. 



The construction of a boiler may appear so simple an 
arrangement of materials, as to require very little ingenu- 
ity or contrivance ; a large enough boiler placed upon a 
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large enough fire being sufficient lo generate any reqdate 
(upply of steam. Simple, however, as such an arrange- 
nent may seem, the best construction of boiler is a subject 
gDpon which very widely diffisrent and even opposite opinions 
B enterUuned by men of the greatest science and experi- 
ence. There is perhaps no branch of practical art in which 
so much remains to be determined and improved, and 
scarcely any which science has done so little to advance* 
Xo follow sendlely what has, in a given instance, been 
f* found to answer," b the rule of the most sagadous me- 
dianics, and the doctrine of the wisest authors. ThoHe 
who have attempted to invent have commonly erred ; those 
who have generalized have invariably been rash and un- 
BBsful, and their erroneous theories have led astray 
Qieir followers, when they happen to have any. 

The art of constructing steam-boilors is, we have said, 
in its infancy ; but it b likely, we think, to make rapid 
progress. The construction of the holier of the locomo- 
tive-engine, which every day performs what at a former 
period we should have termed impossibilities, exhibited a 
■trikingly anomalous phenomenon, by which the attention 

f all men who thought upon such subjects was suddenly 

: this little barrel of water generates as much 

3 in an hour, as would formerly have been raised from 

L boiler and fire occupying a considerable house. The 
frequent explosion of boilers, both here and in America, 
faas also directed attention to the efficient construction of 
iboilers. The patient experimental enquiry that has since 
been set on foot, must lay open the whole of the impor- 
tant parts of the question so thoroughly, and bring out the 

lets with such clearness and precision, as to lead, by safe 
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ftnd rapid induclion, to the general principles ^}y ^ 
we may be able to predict the result of every supposed 
case, and deduce safe riiles for the guidance of practical 
men in all circumstances. The investigation of the whole 
subject of 6t«im -boilers, recently undertaken in America 
by the Fnmklin Institute, bas already done much to settle 
many points of dispute. The publication of the reports of 
the American and English Govemroents on the explosions 
of steam-boilers, has elicited many Taluable contributions 
to the stock of knowledge ; the useful practical treatise of 
Mr Armstrong has given ub an instructive view of the 
slate of practice in the busy district of Lancashire ; the 
treatises of Mr Wood and M, de Pambour on Railway 
Locomotives ; and the papers, in the Transactions of the 
Institution of Civil Engineers, on the statistics of Boilers 
and Combustion, have supplied and discussed a large col- 
lection of important facts, that will materially assist the 
future investigation of the best construction of steam- 
boilers. 

During the first period of the history of the steam-en- 
gine, the danger of bursting the boiler, and the difficulty 
of making it strong enough to reast the internal force act- 
ing towards explo^on, and also of making the joints tight 
against the leakage of highly elastic steam, formed the 
chief obstacles to the introduction of steam as a mechani- 
cal mover. 

The first important point in preparing a steam-boiler is 
to secure strength, without unnecessary expense. If wc 
take the simplest form of vessel : suppose a small rectan- 
[■gular water-tank made of slieet-iron, and soldered at the 
I as to form an air-tight bos ; then, by 8im|| 
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Uowing into itj we shall manifest its weakness ; for the 
s will first of all bulge out, and, if the materials yield 
and allow the vessel to change its shape, it will at last 
■well into a globular form, with angular knobs upon it at 
(he comers, from which pyramidal extremities, the globu- 
■ parts, will finally be torn away with an explosion, 
vbich will, in all probability, take place long before the 
lessel bas attained the shape mentioned above. 

The globular or spherical shape was very early adopt- 
ed, as one of greatest capacity, as a shape in which, the 
pressure at every point being equal, there remained no 
ibrce tending to produce flexure, or destroy the equilibri- 
iDm of strength and strain at any point. A fire was light- 
l below the boiler, and the steam confined until the heat 
i raised it to the required pressure. This form was ac- 
Bordingly adopted by Hero, Savery, and others, as notJ- 
ed in the historical portion of this treatise. 

It was soon found that a spherical boiler, when set upon 
D open fire, required an enormous consumption of fuel 
ruse a small quantity of steam, the heat being copious- 
y communicated not only to the water in the boiler, but 
I in very great quantity to the sarrounding objects, 
lemdes being rapidly carried ofi' by the air. To surround 
he spherical boiler with non-conducting substaoces, and 
D keep the flame throughout its whole extent in contact 
vith the boiler, so as to prevent radiation to surrounding 
objects, and also to diminish the size of the fire by 
jDaking it wind round the boiler, were the first steps 
Inwards improvement; and we accordingly find in the 
irork of Dr Desaguliers the following form of a boiler. 
Pig. 188 is a front view of it set in a building of brick, 
irbieb is good as a non-conductor of heat, and can withstand 
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tfaeactianafSie^ AdeepoA- 
pit lies under tlie fire vtaefa 
ratsoapanUeJ iron Aon, and 
dip iaor of At Jmnaet ben^ 
kept dmed, except wben foe! i? 
to beadded, tbe vbole oftfae fuel 
ia in dos vqr sopplied aith air j- 
whicii psaan np between tfaei- 
hmn. The flame after havii^ 
passed along the bottom of the 

b(»ler, winds in a corkscrew- form around its sides, tn a 
qnral cbanncl formed by the bricks, and called a Jiue, by 
which the smoke and hot air are conreyed iato a ekim- 
ttey. A damptr, as it is called, is formed by a small plate 
of iron, admitted throogb a slit where the flue joins the 
ctumney ; so that, by pustung in this plate acres the flue, 
the passage of the smoke into the cbinmer, and conse- 
quently of the fresh ^ into the fire, may be obstructed, 
the combustion of the fiiel retarded, and the too rapid ge- 
neradoD of steam prevented. In this ^mple way, the at- 
tendant is enabled, by merely poshing in or drawing out 
the damper, to regulate with great predion the genera- 
tion of the steam. The pipe which conducts the steam to 
the cylinder is called the Ueam-ptpe ; and there is another 
called & feed-pi j)f, through which water is supplied to the 
boiler, as it is continually boiling off in the shape of steam, 
an inch of water is required for everj' foot of steam, or six 
gallons of water for every horse power, 

The form next in simplicity to the spherical boiler b 
the cyhndrical. From the facility with which a cylinder 
is made, it was introduced at a very early period. It 
stood upright like a bottle as In fig. 189, the fire being 
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at the bottom, and the flue winding round that 
part of the sides covered with water. This form of boiler 
was found, however, to be weak in the bottom part 




For the prevention of these two evils, the cylindrical 
I of boUer was very soon modified and improved by 
WO opposite expedients, one apphed at the top, and the 
r at the bottom of the cylinder. The top bemg made 
emispherical, possessed all the advantages of a spherical 
oiler ; and the bottom being arched upwards, so as to 
resent a large concave dome to the impact of the flame, 
B dome being sustained by the cylindrical belt round ito 
Ipring, a very strong and estensive surface was obtamed, 
B in fig. 190. 
In this cylindro-Bpherical boiler, it waa found that the 
a of the flame on the upnght round sides produced 
Ut a very slight effect in rajsing heat It was therefore 
sirable that the flame should be brought wmewhat under 
e aides, by inclining them a little outwards. From the 
nn the boiler then assumed, and which has since become 
ry common, it has not inaptly been named the hay-stack 
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The same effect was next obtained in many of the" 
boilers of Newcomen, in the way represented in fig. 192, 





80 that the flame m* the flues impinged upon a surface 
directly over them the flues mthia case forming a recess 
m the sides of the boiler, instead of bemg bnilt around it 
by the brickwork alone In process of time, boilers of 
much larger size came to he required, and the spbertcal 
shape was found cumbrous and too capacious, that is to 
say, contained an enormous mass of water, which it re- 
quired much time and fuel to heat to the boiling point 
before any steam could be raised. The diameter, also, of 
the boiler was so great when much steam was required, 
that the enormous dome became weakened. To make a 
stronger boiler, and one which should, at the samt. time, 
cover a large fire, the uagt/on ixnkr, so named from ito 
form, was introduced hj Jlr Watt It closely resembles 
those long, heavily laden, four wheeled waggons, which a 
team of six or eight horses may occasionally be seen drag* 
ging along with difficulty 

The waggon boiler is made of considerable length, and 
its transverse section, hg 193, resembles that of the q 
cyUndncal boder 
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ton anJ Watt. It was aftcurdtda iinptovLd b\ liolluwing 
the sidea, in order to bring tiiem more immediately over 
flie flame. Of this form of the waggon hoiler, which is 
-much used at present, fig 194 exhibits a transverse, and 
fig. 19.5 a longitudinal section These forms of boil- 




, although vcrj comLniLnt, aie weak they are very 

I different from the spheiital or cyhndro spherical hoilera 

I SI strength and safety The metal of which they consist 

le not in the form that will reaiat, to the utmost of its ten- 

I nle force, a change of shape , hut, on the contrary, a very 

lall pressure has been found sufficient to bulge these 
ktboilers down towards the fire, and outwards at the sides. 

from this circumstance, it has been found necessary to 
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place in them strong iron stays, to connect a part^ 
the surface of the boiler having a tendency to bulge 
out in one direction, witli a similar portion of surface 
having a tendency to bulge out in the opposite direc- 
tion ; su that this tie-bar being stretched in opposite 
ways, is made to resist, by its ten^le force, the outward 
or bursting pressure. These stays are essential U> strength 
and security in boilers having large surfaces, concave out- 
wardly, or perfectly flat. Their application to the forma 
of boilers which we have just described ia seen in fig& 
196, 197, and 198. To avoid the use of stays, and to se- 

Fig. IW. Pig. 1J7. >"8- '«■ 




cure great strength without any other metal than the shell 
of the boiler itself, is the object of that construction of 
cylindric boiler now much in use, especially where consi- 
derable pressure ia used. It is cert^nly one of the 
cheapest, safest, and best boilers, A cylinder, figs. 199 
and 200, perhaps thirty feet in length and four feet in 
diameter, with two hemispherical ends, is laid with its a 




nearly horizontal ; and below it, at one end, is placed the 
fire, enclosed by brick, as usual. The flame traversee ti 
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Ibottom of the boiler, beating directly upon its uuder hori- 
zontal surface till it reaches the end furthest from the fire. 
The flame and hot air then return along the one side of 
the cylinder, being confined in a brick fine, and, passing 
along in front of the end which is over the fire, traverses 
the other side towards the chimney, which it enters after 
having thus traversed the length of the boiler three times, 
and applied ita heat successively to every point of the cy- 
tinder which is covered with water. This is a boiler that 
requires no stays, and is valuable where room is not im- 
^rtant. It contains much water, requires much heat to 
raise its temperature after being cooled at night, and is 
very bulky. The Americans have adopted this boiler to 
ft great extent. It was introduced among them by the iu- 
nioua Evans. It is generally of a smaller diameter 
1 three feet, and has flat cast-iron ends of great thick- 
ss, which they call heads. 

The spherical, cylindrical, and waggon shaped, may 
jroperly be denominated the simple boilers. But some 
lundred kinds of boilers have been invented for different 
Hirposes ; almost all of them designed to save either bulk, 
reight, or fueL Some of these have been much more suc- 
leaeful than others ; and it is necessary to examine upon 
irhat principles any improvements attempted in boilers 
loald proceed. In steam navigation, as also in locomo- 
»e engines on land, diminished bulk, weight, and con- 
niption of fuel, are all objects of the first importance. 
To make a little boiler generate a great deal of steam 
a a very short time, is a very difficult matter. Let any 
me take a common open caldron, or boiler, such as is used 
9 boil a few gallons of water ; suppose the vessel to hold 
I gallons, and to have 9 or 10 feet of its bottom surface 
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exposed to the fire ; then be will find f^e- 

that he cannot turn more than about ^ -^"^^"^ 

6 or 7 gallons of water an hour into fr^^^^r^ 
steam. By blowing the fire lioleiiH;., . - - -, 

this quantity may be exceeded, lii: 
with a great waste of coal : and it n 1 1 ■ 
require a very good chimney, with an \ ^ la 

excellent draught, to convert even (> '- — i l—isJ 

gallons of water an hour into steam, ivliicli is abuut the 
quantity required for an engine of one horse power ; 6 
gallons being nearly one cubic foot. 

Suppose, then, a greater quantity of steam lo be re- 
quired; how is that to be obtained ? Theanswer is this; 
only by a larger '.boiler and a larger fire, acting on a 
larger surface. This general statement must be understood 
in the foUowing way, 

A larger boiler, calculated to generate more ateamj does 
not exactly mean one which holds more water. It is 
found that the power of the boiler depends primarily upon 
the extent of its exposure to the action of the fire, or, as 
it is generally designated, the extent of heating surface. 
It appears that the heat cannot penetrate through the 
material of the boiler with more than a certain rapidity, 
and that the water evaporated over each square foot by 
the heat passing through, ia not more than about ^ths of a 
gallon in an hour ; and so it requires some 9 or 10 such 
feet of heating surface to boil off 6 gallons, or a cubic 
foot of water, capable of producing one horse power in the 
steam-engine. Now, for every such foot of beating sur- 
face there will be a correspontUng generation of steam : 
and a boiler liaving 100 square teet of surface exposed to 
the fire will be capable of evaporating 100 times l-ths of ft 
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^tlon of water an hour, being 60 gallons, and about 10 
horse power. The extent of heating surface, and not the 
mantitj' of fluid eont^ned in it, is the measure of the power 
>f a boiler. 

One great ohject of iraproyements in boilers has been, 
D increase as much as possible the e'^tent of heatuig sur- 
iice without increasing its general dimensions. One very 
ifficient mode of doing this, is by the 
tdoption of internal flues. Thus Boul- 
ton and Watt have inserted a flue m 
iie middle of the large waggon boiler, 
1 the manner shown In hgs 202 and 
103 ; 30 that, after the flame has p issed 
long the bottom of the boiler to the 
ther end, it returns along the flus u 
te middle of the water to the iront, iii 1 
ss an entire circmt of the out 
; of the boiler before entering the 
iimney. Thus, m a boiler 6 feet -nidi. 
ud 8 feet high and 20 feet Ion ' 
Dtemal flue 3 feet wide and 3 fett d 
J the whole length, addi about 
qnare feetof surface to the boiler, wri 
Ut increasing the bulk of the vu^- 
iken up by it. 
The same plan has been estensiu ^ 
employed in cylindrical boilers, t:;. 
bme and hot air being made to traycrsc a iiollow tube or 
ylinder in the interior of the boiler : sometimes several 
ch flues have been used, and these multiflued boilers are 
nr in great repute. Several modifications are given in 
e figures. The small internal pipes or cylindric flues. 
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Burrounded with water, traverse the whole length of fl 
boiler, and expose a greater quantity of surface of water 
to tlie action of lieat, in proportion as the tubes are small 




and numerous, Theae tubular-flued boilers are at present 
extensively used. They economize space, and, with a small 
exterior surface of boiler, generate a large quantity of 
steam. They are much tised m Cornwall, and in marine 
and locomotive boilers. 

In these boilers a large surface is still exposed to the 
cold air, and the brick-work in which the fire is placed ra- 
diates off a considerable portion of heat, which Is lost To 
remedy this evil, the furnace has been so contrived that 
the fire is in the inside of the boiler. This was probablj 
done for the first time by Sraeaton, who succeeded in pro- 
ducing almost as high a proportion of steam from fiiel si 
en^neers of a more modern date. His portable-engine 
boiler is represented in figs. 206, 207. The interior of 
this hay-cock boiler contains a hollow ball of cast-iron, in 
which the fuel is burned. Air enters by an aperture »' 
the bottom, a large cast-iron pipe leads through the waW 
to the door, and another pipe m the oppodte dii 
passes tlirough the water, conducting the products ol 



BOILKRS WITH INTERNAL FLUES. 



231 



bustion to the chimney, immediately round which are intro- 
duced the freah supplies of cold water for replenishing the 
boiler. 

Pig. SB6. Fig. M7. 





But a much better boiler than this, and one which in- 
deed might bear comparison with many boilers of the pre- 
sent day, is given by Mr Farey as the invention of an un- 
known author. In the centre of a large old-fashioned 
hay-stack boiler, figs. 208, 209, is placed a large round 
furuace, from which there passes a simple rectangular 
flue, winding round and round the boiler in spiral circuits 
till it reaches the outside, and thence passes to the chim- 
ney. 





In the same way it has often been provided that the fiir- 

ce should be in the interior of a cylindrical boiler, by 

placing another cylindrical tube of large dimensions in 

the interior of the outer case, as in fig. 210, to serve at 

oace as furnace and fine. This was probably first done 
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by Trevithicfc, the advocate of high-pressure engines in 

this country. 

To the great central flue there have Iteen sometimes 
I added lateral flues on each side, for the return of the pro- 
1 ducts of combustion, fig. 211. Thus, again, ttiia internal 

flue has been made elliptical, fig. 212, a weak and tben^a 

fore dangerous form. 




It is one of the faults of the boilers that have their fires 
in the internal tubes, that the ash-pit and interior of the 
furnace over the fuel are so confined, as to prevent that 
perfect combustion of fiiel which may he obtained by a 
deep ash-pit, a large expanse of fire-grate, and a deep and 
wide furnace. Tbese evils may, in some measure, be ob- 
viated by an internal flue of large dimensions ; but this 
very large one is extremely dangerous, and liable to ex- 
plosion. The evil has Iieen remedied by the following 
species of boiler, figa, 213, 214, where the fire is still sur- 
rounded by water, and gives ample room for the most per- 
fect combustion. 

In this species of boiler, the tube opens out at the front, 
so as to leave a semicircle of a semi-cylinder above the fire, 
and two vertical spaces, or " water lege," as they are called, 
which cover the fire on both sides ; thus obstructing the 
heat that would otherwise pass away into the brick build- 



^ 
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Bng, and at the same time covering a large and wide space 
Kof f'uraace liars, a deep ash-pit, aod so ensuring adequate 

Hg. alS. Fig. sit 





B combustion The internal snrfaCQ of this boiler his been 
1 still further increased, by substituting for this wngle tube 
A number of smaller ones, which in some cases ire not 
ng. iie. Fig. SIB. 





Rmore than two inches in diameter, as in figs. 215, 216.* 
After passing through all these tubes, the flame and hot 

a the small tulies ute placed verticallj in boilers, and in some 

it is the water which occupies the tubes. Both copper and brow 

label have been employed in boilen ; but owing to the improvcmcnla which 

e daily beit^ mode in the manufacture of iron and of iron tubea, it is 

wiE soon come to be univeraally preferred. When from 

fay GDaniLlty iron happens to be overheated, it is net so liable to become 

o give nay na copper or brass. When a boiler is made partly of 

n and partly of any of these metais, tlie iron ia liable to bo seriously 

d Horn galvanic action ; but might be protected by means of due. 
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gaaea again return along the bottom and sides on the right 
of the boiler, and pass back on the other side to the chim- 
ney. The Butterly boiler, figs. 217, 218, and similar to 
this, is much used in Lancashire. It has the large in- 
ternal flue, but wants the fire legs, and in this respect is 
inferior to the former. 

Those boilers, already described, are the practical forms 

in use among intelligent engineers. The varieties of 

boiler that have been invented amount to some hundreds. 

The Patent Records of the present day teem with new 

Fig. (17. Fi£, aie. 


^^1 


ra^^ ^ 
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and improved boilers ; and yet it is a matter of constant 
complaint that no great improvements are being made in 
boilers, but that as satisfactory results have been obtained- 
from plain, simple boilers, of the kind used half a century 
ago, as from the modern and most complex forms. 

The conclusion to be drawn from all that has been at- 
tempted or achieved in boilers is, we believe, the follow- 
ing: that there exist certain limits prescribed by the con- 
stitution of fiiel, the nature of metals, and the properties 
of water and steam, which cannot be exceeded without in- 
curring evils that greatly overbalance the partial gain. 
The best boilers that have ever existed have been those in 
which a large number of principles have been applied, and 
80 adjusted in relation to each other as to gain the maxi- 
mum, not of any one property, but of all the valuable 
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properties, each in the degree of its individual importance. 
The first cost of the boiler must not be rendered too great, 
for that would neutralize tbe economy of using it : the 
space to which it is confined may be as smalt as possible ; 
but if that be produced by intricacy of construction, the 
loss may surpass the advantage. Then, again, if complex 
and confined, it may be impossible to cleanse or to repair 
the boiler ; and therefore it must be remembered, that 
unless easy access can be gained to every part of a boiler, 
•and of its flues, that boiler will soon become totally use- 
less. Then it is further demanded of a good practical 
boiler, that, if one part should be damaged or give way, 
the whole should be so constructed that the damage done 
to that part must not endanger the rest An esteusive 
"Seating surface is to' be obtained for economy's sake ; but 
Ithat large surface must at the same time remain unim- 
iji^red to resist bursting ; a property to a certain extent 
inconastent with extensive surface. The surface which is 
tiius spread as widely as possible, so as to apply the fire to 
Ihe water through every part of its mass minutely and in 
tDanjr Bubdivkions, if extended beyond a certain degree, 
■will not have over it a body of water capable of conduct- 
ing heat from it with the rapidity adequate to the rapid 
liberation of steam, and to the preservation of the in- 
tensely heated metal from tbe destructive action of the fire. 
Jien, again, it is desirable to have long and tortuous flues, 
b abstract as much heat as possible from the fuel and the 
|irodacts of combustion ; but these, by their very length, 
may interfere with tbe draught of the chimney, so as to 
^minish the efficacy and vigour of the combustion of the 
hel, and produce loss instead of gain. Thus it happens 
Ihttt the de^deratum in boilers is an exact and judicious 



aiKnifiwi asd jdJMtMBt of paits, sd as to obtain each 
F vff tfaeae ■wnt^ paals is tbit decree which is mogt advau- 
B far n«j soe of tbe oilier qoalities, sod of all of 
& is a practicB] one of no com- 



■ piBc^aDy hg the ooUectko of fecta, of accurately 
ilbo of boSoSt of die practical experience of 
MMt ea^aeaa, dot we can galh^ data for 
F AeaahitiMi cf tfacqneBliaD of the best boiler. We are 
ndi dtfa, dAoogfa it is much to be regretted 
I AittiHyiKcaot noraabiiDdanL We shall now examine 
points in tfae stmcture and fonctioiis of a 
y boiler in a sin^ auccenoa 

Tlie awterials of wHeh a botkr ^loohi be fbrmed bare 
beai a ealject nod disciissed. Copper, iron, bnus, cast- 
iron, lead, and ena stoae^ have been employed. Boilers 
of ebwn-vieisels are frajnei^y made of copper. Many 
flteuE-bcHlcrshavebeEnnadeorcast-iroD,aQd have lasted 
long, and been very efiaent under careful management. 
Wroaght4roti plate boilers are very common in Uiia coun- 
try ; and in America have been much used, with cast-^ron 
ends or heads of cooaderable thickness. Tbe boilers of 
locomotire endues have tbe interitH*, which is exposed to 
the direct impact of the flame, formed of copper, and aoine- 
times partly of bra^; tbe exterior of the boiler bang 
wrooght-iron. Cast-iron hollos were extensiTely used 
under Mr Smeaton, towards the end of lo^ century ; and 
when used with care, were employed with adt'anlage where 
fuel was plentiful, from thor cheapness. A stone exterior 
jointed with cement, the int^or bdng copper, where sub- 
ject to great beat, and when the steam has scaredy sny 
greats preagure than the atmosphere, has also been em- 
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Aoyed ; and a dome or cupola of lead was often seen, in 
^rlier times, when the art of working iron-plate was less 
ommon than it is now, forming the cover of the antiquat- 
d hay-stack boiler, which, in these times, the " waggon" 
f Watt has almost entirely superseded. 

Copper is one of the best substances for steam-engine 
loilera, in a mechanical point of view. That it is not 
bought the best in a mercantile point of view, is proved 
f the almost universal use of wrought-iron boilers. Yet 
it is difficult to see why this should be the case, if we re- 
tneimber that copper generally lasts long, and is worth, 
rhen old, nearly two-thirds of its first cost, besides being 
a much better conductor of heat, and so saving fuel and 
The labour, too, of making a copper boiler is no 
?%ater than an iron one. The relative value of these ma- 
erials for boilers may be stated thus : — 
Che efficiency of a copper boiler in generatiDg 

steam is to that of iron as . ■ 3 to 2 

Che cheapafess of equal weights of copper and 
iron boilers are as . . . 3 to 13 

! value of old materials when not corrod- 
ed, nunus 15 years' interest, is .. 4 to 3 
durability, . . . . 5 to 1 



30 to 13 



The combination of all these ratios is in favour of cop- 
X ; and if wo add the trouble of more frequently renew- 
g the iron boiler, and detaching it from all its eon- 
ma, the scale still further preponderates on the same 
I. We must look, therefore, for tbe explanation of 
genial use of u*pu to the state of mercantile aSmrs,. 
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and the value of money in a commercial community. It 
proYes that a certain loss, within 15 or 20 years in a pro- 
portion of 12 to 1, is considered preferahle to an original 
expenditure of four times the amount of capital ; showing 
either that the price of money b too high for such an in- 
restment, or that the contingencies of mercantile life are 
too great to allow the risk of so large a sum as the value 
of a copper boiler for the period required to reimbiu-se 
the proprietor. Rich governments and individuals have 
not failed to profit by this knowledge ; hut it may be no- 
ticed of a government which considers its tenure of office 
insecure, that it does not furnish even its war-stearaers 
with copper boilers, as that would involve the expenditure 
of a large sura by which their successors would profit. So 
also the man who is shortened in means, but hopes to be 
rich enough by the time one boiler is done to get a new 
one ; or who does not know how long he shall be solvent ; 
or who, at any rate, cannot spare the money — procures at 
first the cheapest boiler he can ; and finds, as usual, that 
in a short time the expenses of coal and of repairs have 
drawn from him a heavier than the usurer's percentage. 
All this appbes more peculiarly to steam-vessels. 

Another peculiarity of copper is the greater safety which 
arises from the uniformity of its textiu-e. It is scarcely 
possible to account for the singular difi'erences of sheets of 
iron that have passed nominally through the same pro- 
cesses of manufacture. One plate will become deteriorat- 
ed by heat in half the time of another apparently identical. 
The parts of the same plate are frequently heterogeneous. 
The consequences of this heterogendty are serious, and 
sometimes destructive : a single plate in a series gives way, 
and, having broken the chain of conoeuon, the whole &- 
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jfic is destroyed ; or a latent crack developes itself in the 
place most difficult to restore ; or, one plate or a part of 
it is burnt through when all the rest remains sound. All 
s tells in favour of copper. The matter of the copper 
Is very nearly homogeneous; its durability is nearly uni- 
Ibrm if it is not made too thick. We have examined the 
part of a. copper boiler exposed to most intense heat after 
^earg of action, and found, when the soot was clearedaway, 
Ate smooth shining surface, produced by the rollers in the 
' manufacture, remaiuing as perfect as the day 
after the boiler was started. In this case the metal was 
e than one-eighth of an inch thick," 
There are some forms of boiler for which copper is less 
uitable than iron. The strength of copper t« resist flex- 
ure ia not nearly so great, especially at high temperatures, 
B that of iron. A copper boiler must therefore be well 
tayed, and if there be round, or any other unstayed flues 
D the boiler, they cannot be of more than a foot in diame- 
r without incurring danger ; they will readily collapse or 
bend. Tliis caution in regard to copper being given, it 
y be unhesitatingly recommended in point of safety, du- 
tabilit^, and ultimate economy. 
In the treatise on Steam,! we have already introduced 
IT readers to the important experimental researches of 
le Commission of the Franklin Institute in Ajnerica, con- 

' On the other hauil, Et ia alleged that copper boilers are very liable ta 
s uriouslj corroded hj sulpliurous coal, and to aufibr beaidca in the flues 
MB the action pf anj sail in Ihe water which hajipena to leak. It often 
tpp«ni that B amall chink in an iron bcrilcr will be gradually ehaked up 
r ibe nut ; whereas in copper any t«ndencr to leak coBtinuully inereues. 

+ The articles Steam and StBani Navigation of the Enc/clopadia Bri- 
BUEs have also been published together in a, wpBrote Tolume nmilor to 



cerDing the structure, phenomena, and explosions of steam- 
boilers. Many other interesting particulars wil! be found 
in the detAils of their Report. But there ia a branch 
of the investigation undertaken hy the committee, whiclt 
is of importance to our present enquiry. It regards 
the strength of materials of steaiD-boilers ; a subject 
not before satisfactorily examined ; and relates more 
immediately to the effect of high temperatures on the 
cohesive attraction of the particles of metals ; an enquiry 
essential to our knowledge of the manner iu which the 
strength of metal, when cold, may be altered when, in a 
boiler, it is exposed to a fierce fire. The sub-committee 
to whom this subject was intrusted, were men of great 
pracKcal skill and eminent adentifie attainments. Profes- 
sor Walter R. Johnson, Benjamin Reeves, Esq., and Pro- 
fessor A. Dallas Bache, were the members to whom the 
enquiry was committed ; and it has beeu carried on with a 
degree of judgment in its arrangements, and of precision 
in the esperiments, which warrant our implicit confidence 
in the results, and deserve our sincere thanks for the va- 
luable additions made to our knowledge of this important 
and difficult subject. The importance of the enquiry com- 
mitted to these gentlemen may be judged of from the fui- 
lowing statement of its principal branches. 



1. What is the absolute tenacity of rolled boiler Iron at 
ordinary temperatures, and how great the irregularities to 
which it is liable ? 

2. A similar determination for copper boiler plates. 

3. What effect is produced on the tenacity of thwf 
boiler plates by change of temperature ? 

4. What is the effect produced on the tenacity of iron 
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by various processes of maniifacture, such aa wire-drawing, 
immmering, or rolling into bars or rods ? 

5. What are the comparative tenacities of boiler plate 
made from different mixtures of crude iron and from re- 
fined irons ? 

. What is the comparative value of sheet iron manu- 
factured by the processes of puddling, blowing, and piling 
Respectively ? 

7. What is the effect of piling into the same slab, iron 
pf different degrees of firmness ? 

8. What is tlie comparative tenacity of rolled iron in 
he longitudinal, diagonal, and transverse directions of the 
vlling respectively ? 

9. What is the influence of frequently repeated heating 
on the plates of a boiler ? 

10. What relation exists between the force that will 
a permanent elongation in boiler plate, and that 

rhich will entirely overcome its tenacity? 

11. What amount of elongation may the several kinds 
if metallic plates undergo before fracture ? 

12. What is the effect of rivets on the strength of a 
uiler? 

These are some of the many important subjects of ex- 
eriment undertaken by tlie committee. They have dis- 
tbarged the duties devolved upon tbem in a manner which 
I highly honourable to themselves, and which reflects 
^oat credit on the institution and the country that has 
ent forth into the .world so valuable a contribution to 
ractical science. We regret that the limits of this trea- 

e will not permit us to enter into the experimental de- 
fl aod subsidiary enquiries connected with the extensive 

lit li^rious investigation ; details which are always in- 
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gCTiious and instnictive, and will amply repay tlie minute 
study of the mechanical philosopher or engineer as a Ta- 
luable body of experimental truth. But although we can- 
not convey to our readers the pleasure we have enjoyed in 
the perusal of these interesting records, we should do them 
and our sul^ect injustice did we omit to conyey to them the 
general conclusions which have been obtained. 

Stre7U/th of Copper Boiler Plates. — The experiments 
upon this subject were very numerous. 32° being taken 
as the standard, it was found that the increments of heat 
always caused a diminution of strength. Thus, a stripe of 
copper, capable of carrying 10,000 lbs., was only capable 
of carrying 7500 Iba. when heated to a temperature of 
500°; while at 820° the same bar could support no more 
than a tension of 5000 lbs., and at 1200°, a vJably red 
heat in day-light, no more than about a tenth part of 
the strength remains. By these experiments the law 
which connects the diminution of cohesion with tlie in- 
crease of temperature has been accurately determined, 
and it appears conformable to the following simple ex- 



Log. d'= g (Log. f — Log. tj Log. d 






by means of which the diminution of strength having 
ascertained for one temperature, it may be found for 
other according to the following rule. From the loga- 
rithm of {t) the temperature (reckoned from 32°) of the 
diminution sought, subtract the logarithm of a given tem- 
perature, (() and multiply three halves of the remainder 
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y the logarithm of the known diminution (rf) of strength ^H 
at the latter temperature, and the product is the loga- ^H 
rithm of the required dimiDutioQ at the temperature as- ^H 
^gned. ■ 
The following table of the Diminution of Strength of ^H 
Copper Boiler Plates when heated, exhibits the close ac- ^H 
cordance of the esperimeuts with this law. Their stand- ^^M 
ard strength at 32=, being 32,800 lbs. per square inch. ^M 


1 

a 

3 
4 
5 

? 

8 


above 32". 


of strength. 


9 
10 
11 
12 

13 
14 
15 
J6 


TempentuTD 
above 3-2". 


Diminution 
of Strength. 


1 


90° 
180 
270 
3G0 
450 
460 
513 
529 


0.0175 
0.0540 
0.0926 
0.1513 
0.2046 
0.2133 
0.2446 
0.2558 


660° 
769 
812 
880 
984 
1000 
1200 
1300 


0.3425 
0.4398 
0.4944 

0.5581 
0.6691 
0.6741 
0.8861 
1.0000 


Ttus the square of the diminutioTi of strength varies 
with the cube of the temperature reckoned from 32°. 

lireezing and boiling water, copper loaea 5 per cent, o 
iits strength ; that at 550° it loses about a quarter of it 
ifttSSO' the half; and at 1330= it loses all its strength 
becoming a viscid, granular, soft, incohesive, substance 

These phenomena in copper are strikingly different from 
those exhibited by Iron at the same temperatures. 

In iron, the remarkable anomaly was discovered, tba 
^ additions of heat, instead of weakening the metal, a 
ire should have expected, and as was found to be tlie cast 


^1 

H 
^1 



S4» 
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with ropper, actoallT increased its strengtb, so that u 
piste at 570^ waa 16 per cent, stronger than when cold. 
This point 570" was assumed as the standard temperature 
of maximnm streugtli, because on both sides of it the 
strengtb vas found to be diminisfaed both by beat and 
cold : tbue, per square inch, in round number^ 




The following table cont^ns the results of a series of 
^periments on the tenacity of iron boiler-plate at high 
temperatures ; 



(AoervoL 


Taudt7 ot^ened. 


^;=r 




520° 


58451 lbs. 


824° 


55892 Ibft 


570 


60398 


932 


45531 


596 


5-682 


947 


42401 


600 


56938 


1030 


37587 


630 


60010 


1111 


27603 


662 


58182 


1155 


21967 


722 


54442 


1159 


25620 


732 


53378 


1187 


21913 


734 


57903 


1237 


21298 


766 


54819 


1245 


20703 


770 


54781 


1317 


18913 



The law of variation of the strength of iron and of 

copper by temperature may be easily illustrated by the 

following curves, of which the borizonfal ordinates are 

^'temperatures, and the vertical absciEsse are diminuUoos u' 

strength. 
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The temperatureit are measured from the origin A to- 
s T. The total strength being = AX = 1, the di- 
sinutions of strength are represented by the fractions of 
i. X measured from A towards X. These curves repre- 
lent to the eye very distinctly the characteristics of the 
The line for copper, rising from zero at A, 
lows, by continual reccsdun from its maximum at A the 
Bontinual and regular diminution of strength by increased 
ature according to the law already stated. The 
fine representing the iron, on the contrary, having its 
crigin 15 per cent, above A, descends and shows an in- 
e of strength until it reaches a maximum about 570°, 
jrhence it suddenly rises, showing a very rapid diminution 
f strength up to 1000°, when again it turns more out^ 
Kards having a point of inflection beyond which it may be 
parried to a great ifcitance, while at last it becomes liquid 
fcetween 2000° »nd 3000°. 
The nest branch of the inquiry was, how the strength 
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84.186 lbs. 

73.88^^ 

89.16^^1 

76.0^^H 

71.00^^ 



of iron is affected by the mode of its manufacture, and Ij 
the different states in which it is used, as in bare, in wire, 
or in plates, produced by hammering, drawing, or rolling. 
The following are the results of several experiments on 
the tenacity of different kinds of iron, at ordinary tempe- 
ratures. 

rO.333 
Iron Wire, diameter < 0. 1 90 
(.0.156 
Rusaan Bar Iron, 

English Cable Iron, hammer-hardened, 
English Cable Iron, . . . 59.105 

Lancaster Co. U. S. . 58.661 

Centre Co. U. S., . . . 58.400 

Swedish Bar, . . . 58.184 

Salisbury Com., U. S., . . . 58.009 

Tennessee Bar, U. S., . . 52.099 

Slit Rods, .... 50.000 

Missouri Bar Iron . . . 47.909 

No. 1. Pig iron of a white fracture prodnces the most 
cohesive bars. 

No. 2. Pig iron of a lively gray fracture produces bars 
inferior to No. 1 by 1^ per cent 

No. 3. Pig iron of a dead gray fracture produces ben 
inferior to No. 1 by 2 to 3 per cent 

No. 4. Pig iron of a mottled fracture produces bars in- 
ferior to No. 1 by 5 per cent 

A mixture of all the kinds produces bars inferior to 
No. 1 by 5 to 10 per cent. 

The difference between the strength of boiler-plai 
lengthways and across, was found to be about 6 ] 
in iavour of the longitudinal over the crosscut. 



T-'plali^^H 
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Stripes cut longitudinally sustained 63,947 lbs. 
Stripes cut traoaversely sustained 60,176 lbs. 
Stripes cut diagonally sustaioed 53,923 lbs. 
The -specific gravity of iron boUer-plate was found to 
mge from 7.7922 to 7.6013, and to be at a mean value 
7344. 

The effect of repeated piling and welding was found to 
1 a great increase on tbe strength of iron. The irou 
1 in the precediog table, from the Centre Company's 
mufactory, whose strength when rolled amounts to 
1,400, was found to be so much improved by piling four 
ffre and welding twice, as to support a mean of 59,247 
i to be so homogeneous that tbe highest did not 
ffer from the lowest results by more than 3.4 per cent, 
the different specimens. Simple welding twice without 

;, gaye a result of 58,787 lbs. 
It has been thought that by welding together diferent 
nds of iron of different degrees of fineness, and then rol- 
[ it out, a valuable boiler-plate might be obtained, 
lis was tried, and the highest result gave only 40,600 lbs. 
The weakening effect of riveting is thus calculated from 
jsperiments, being a diminution on the whole of ^d 
the original strength. 

ength of the stripe without riveting, . . 9290 
eagth of the remaining metal, deducting rivet- 
iolee, . . ■ . + 5662 

idnudon of strength by rivet-holes, . — 3628 

eagtiiemng effect of rivets, . , + 679 

lIRie effect of iise and long exposure on tbe strength of 
iron was found to be a great diminution of its 
BQgtb, none of the specimens coming up to 50,000 lbs. 
Ihe effect produced by tbe accidental overheating of a 
, vaa found to be the permanent reductiou of its 
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Strength, from 64,000 or 65,000 lbs., to 4S,000 lbs. per 
square inch, being about ^d of the original strength. 

The permanent extension produced on iron plate by 
weights much less than are required finally to oTercame 
its cohesion, was a subject of careful esamination. The 
extension b^an to take place in general when ^ths, and 
sometimes when only f ths of the breaking wdght were ap- 
plied. The total extension varied between /gth and ^'^th 
of the total length, and was greater in the longitudinal 
than the transverse direction of the bar. 

The following sketch of a fracture, fig. 220, is highly 




inBtructife. The elongation transversely ia j'jth of t 
original dimension, and the curve is |th longer than t' 
chord. The longitudinal direction of the fibres is *" 
the line of the shortest dimension. It is evident that tl^^ 
diminution of the thickness, previously to fracture, ini«^ 
have greatly weakened the plates of the boiler. Tfji* 
plate was taken from that part of the boiler immediate// 
over the fire, and had burst where sediment had collected, 
and excluded the water from contaet with the boiler, eo W 
to allow it to get overheated.* 



to almoat every 



>f bigh pr«siuie, and in the expanuve fbrni, being tidw mytmr- 
of purpose, reodera the atrength of boilen s >ubjeiii tf 
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It is evident that the dimiiiutioQ of area at the point of 
fracture, which accompanies this stretching of the plate 
before fracture, must weaken the plate very greatly when 
it is exposed to strains that stretch it much beyond its ini- 
tial length, this strain being about half the breaking str^n 
flue to the original thickness. This constriction or thin- 
ning out of the plate is observed to take place much more 
m thickness than in breadth, and to amount in iron to 
about 16i per cent, of the wliole area^ It is remarkable, 
that the constriction was found less in heated than m cold 
.gpecimens of iron, a result the reverse of that which we 
should have anticipated. The fractures at high tempera- 
were found to take place suddenly, and the surfaces 

fery great and increaaing impoitante. More numetoua and VEiriud eiperi- 
nla axe uertaioty wanted oa the explouon of boiLers. It would, how 
r, throw but little light on the nibject to produce any ruplutea by pres- 
M increaaing in a very alow and gradual manner : became in many of 
occidental eiplouons, the toKe seems to havD been oa suddenly raised 
n the explodon of a guacous miiture, or in the blasting of rocks by gun- 
It may, therefore, be a question, what eonfidence ought to he put 
a lever anfety valve ? For when a, great increase of force oecura inslan- 
leoualy m a boiler, the strain is so very different &oro tbat of a steady 
BMure, that there is reason to fear that the reaistance which a weight on 
long lever oppoaes to its being instantly lifted, is greater than in the ratio 
the simple distance of that weight from tho fnlcrutn : so that a midden 
force which, being applied near the fulcrum, might not be able 
generate the excessive velocity which a prompt opening of the 
would require to take pbice In a weight at the eitremitj of a lung 
may be quite sufficient to burst the boiler. 
Th Lordner has lately suggested that explosions may be caused by lighl- 
Dg ; but it is not easy to see by what process this could ever take pUce 
■ach B maaay metallic structure when not insulated. Granting that on 
Iplo^e gaseous mixture did exiat in a boiler, (which has never yet been 
wwn to be the liuit,) the great Qiaas of metal would so etfeetunily con- 
iol tlie electricity that it would have no occiudon to dart through the 
htim in lite fbna of a spark so as to inflame il. 
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of fracture presented appearances altogether different from 
those exhibited at low temperatures ; the peculiarity of the 
fracture at high temperatures being, that the section is 
sntooth and flat instead of jagged, fibrous, and irregular, 
and that it takes place directly across tiie plate, and taper- 
ing off at an angle of 45° ; so that the separate fragmeats 
resemble '' the edges of two mortising chisels." One result 
which we deduce from the American investigation is, that 
boiler iron cannot safely be trusted with a greater pressure 
than }th of its 'standard masimum cohesion. Such are 
some of the valuable facts elicited by this transatlantic in- 
vestigalion. The esperiments should be repeated in this 
country upon the different species of our own iron ; and 
we have no doubt the subject will be taken up by some of 
those gentlemen who have prosecuted valuable researches 
on the strength of metala ; into which, however, they have 
not yet introduced the element of high temperature. 

The increase of the strength of iron, with the increase 
of its temperature up to 570°, is a remarkable anomaly 
which should incite us to examine other metals and me- 
tallic alloys in a similar manner, for the purpose either of 
resolving this phenomenon into some general law of cor- 
puscular force, or of setting it aside as a characteristic ad 
distinctive property of that singular metal. To the prac- 
tical man, this discovery is of importance, insomuch as it 
has shown him a quality in iron, as a material for boilers, 
which may weigh strongly with him when he hesitates lo 
choosing. 

The comparative value of copper and iron boilers is 
materially affected by this inquiry. The great advantages 
of copper are its durabiUty, ita high conducting power, and 
the value of the old materials. It is by no means so strong 




COMPARATIVE MKRITS OF BOILERS. 251 

iron, having when cold, fths of the strength of iron, and 
500° only about -fths. But thin iron decays so rapidly, 
its strength to-day is oo criterion of its strength to- 

DTTOW : it decays so rapidly, especially with the salt water 
steam vessels, that its very strength at first is necessarily 

llowed with subsequent danger ; for an iron boiler hav- 
once borne a great pressure with impunity, will after- 
ds, when the rapid but tmseen decay has insidiously 
in through the metal, be again subjected to the same 

ideal by which it had been formerly proved ; and although 
ler apparently the same circumstances, it may yield to 
Btrain, and^ produce the distressing consequences of a ■ 
>Ient explosion. It is time alone, then, that is the great 
imy of iron boilers, while the integrity of the copper 
y continue unimpaired for a quarter of a century. On 
I whole we find that the following general result should 
lit our faith in the materials of boilers: — 

Standard strength of boiler plate, . 55.000 

Strength after riveting, . . ■ , ^, 

Strength after heating and cooling in use, ^. 
Str^n of permanent extension, . . |, 
reatest practical strength = f of f + J= ^= e nearly. 

The greatest practical strength being ^th of the ahso- 
e cohesion, and the greatest practical strength, to pre- 
rt explosion, being four times more than any boiler 
mid he ordinarily worked at, we have ly or ,\ of the 
mdard strength of boiler iron, as its ordinary working 
Bnre ; 2500 lbs. of extension on each square inch of 
isive action may, therefore, be assigned as the safe 
irlciag strmn of iron boilers. 
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To a steam-engine boiler many appendages have bcen 
contrived for facilitating the regulation of the supply of 
fuel or of water, the intensi^ of corabuationj the elasticity 
of the steam. One of the most simple and essential of 
these is the water-gauge ; which is of three kinds, the 
glass-gauge, stopcock-gauge, and float-gauge. 

The glass-gauge is of two kinds, plane and tubiilal( 
plane glass-gauge consists simply of a small window^ 
boiler, of very thick glass, inserted at the place u^ 
which the water should rise in the boiler. The tubular 
glass-gauge is a small pipe of glass about half an inch in 
width of bore, and an inch and a quarter in tliickuess. It 
is placed on the outside of the boiler, and communicates 
at the top and bottom by stopcocks with the interior of 
the boiler ; the higher stopcock enters the boiler among 
the steam, a little above the upper surface of the water, 
and ihe lower stopcock enters a little below the surface of 
the water, bo that the water, standing in the glass tube on 
the same level with the water in the boiler, shows itself in 
the glass tube to the attendant These two gan( 
shown in the accompanying drawings. 

Fie- ?ai- P«- 222- Fig. 




In figs. 221, 222, G is the window of very thick gUft 
set in a brass frame with a cement of red and white lea^ 
after which, the frame is firmly bolted on the front of tlw 
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nler, at the aperture to which it is fitted, gg, fig. 223, 

the tube glass-gauge, communicating with the water 
[low and the steam above. There are shown in the same 
fure two other kinda of gauges. "VVw is a tube open 

both ends, regulated at the external termination by a 
opcoek, but passing into the boiler, ao that the other end 
ecends below the surface of the water in the boiler. 
nother gauge-tube Ss is of similar construction, and is 
1 higher up, so that the end S is open in the boiler 
DODg the steam. By this means the engineer has it al- 
lys in his power, on opening these cocks successively, to 
termine whether there be an excess or deficiency of water 

the boiler ; for the orifices of the tubes in the inside of 
e boiler are adjusted in such manner, that when the 
Iter is at the proper lever, it covers the orifice of the 
wer one, but does not reach the orifice of the upper one. 
1 this state steam will issue from the upper pipe, and water 
I the lower pipe; but if it should be found that water 
8 from both, the water ia too high, and if steam from 
ith, there is too little water in tho boiler. Another 
B of gauge is also shown in figs. 222, 523. It con- 
its of a float A resting on the surface of the water in the 
sler: to this is attached a chain, which passes over a 
nlley C, and carries at its other end a counterweight R. 
be pulley is fixed on an axle DD, wliich passes tlirough 
e boiler, and carries on its outer end an index. The 
idex shows, by means of a dial-plate, the state of the water 
I the holler. 

By these means, a careful attendant may always ascer- 
in the state of tbe water in the boiler, with sufficient ease 
\ enable him to regulate the supply or tbe feed of the 
r required for the formation of steam. But if by any 
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cause the attention of the keeper sliould be diverted &oiti 
the state of the boiler, it will gradually be emptied, and 
will either he exploded or burned out, from being made 
red hot. Various contrivances have therefore been at- 
tempted for rendering boilers automatic ; so that the very 
fact of the water becoming low in the boiler should of it- 
self be the means of furnishing or admitting a fresh supply. 
The manner of accomplishing this is somewhat different in 
different circumstances ; but the following methods are 
the most common and as yet the hest 

A self-regulating feeding apparatus may be adapted tn 
the boiler of a low-pressure steam-engine, in the following 
simple way. The water that is to feed the boiler is to be 
conducted into a reservoir v r, fig. Ftg.asj. 

224, of some 18 inches diameter, 
having a long pipe to lead down 
from it to the bottom of the boiler. 
The top of this pipe ia closed by a 
tapered plug which hangs by the 
rod V r, from a lever supported at 
f, and hanng two weights, one at 
each end, W and ii.\ The larger 
weight AV, of stone or cast iron, 
rests on the surface of the water 
in the boiler, and is counterpoi; 
by the smaller weight w in such a 
manner, that W is partly sustained 
by the water ; therefore, whenever 
the water in the boiler falls below 
the proper point, the weight W ^ 
preponderates, the arm L of the 
lever is pulled down by the wire W L, which passes stean'- 
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fight througli a stuffing bos at «, tlic end / of the lever aa- 
ida, and the valve v being withdrawn, allows the water 
D descend through the open end of the pipe, and reple- 
ish the boiler ; and after a time, when the supply has be- 
some sufficient to raise the water to its proper level, the 
weight W, and the end L of the lever are raised, the op- 
posite end I is depreaaed, and the valve v again closed, un- 
il a further supply has become necessary, when it is given 
Igain in the same manner. 

This self-acting valve is sufficiently efficient when the 
boiler is of low pressure, or when the reservoir is more 
(ban two feet two inches high above the surface of the wa- 
ter for every pound of pressure per square inch of the 
boiler. But it very often happens that the boiler is fed 
with cold water In a different manner : a force pump ia 
attached to the steam-engine, by which each stroke of the 
iogine sends back into the boiler a quantity of water equi- 
alent to that which has been evaporated out of the boiler 
D forming the volume of steam which has ^ven to the en- 
ine motion through that stroke by which the pump haa 
1 impelled. Now, if the size of the pump were accu- 
tely proportioned, so as to replace in the boiler at each 
■oke the precise quantity of water evaporated from it in 
he same interval of time by the engine, it is evident that 
farther provision for adjustment would be necessary. 
rbb quantity is nearly one cubic inch of water for each 
inbic foot of atmospheric steam given to tfie engine, or one 
sobic foot = six gallons per horse power per Lour. But 
e evaporation of the water to a steam-engine is not thus 
iform, nor so easily determined. The variations of iu- 
isi^ in the 6re cause steam more or less dense to pass 
jr into the engine ; the steatn now raises the safety-valve 
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and escapes into the air, and now falls below tbe standarf'; 
the boiler, now tigiit, and ag^ti allowing water and steam 
to leak through its joints, wastes a greater or a less quantity 
uf steam ; and thus, even with this automatic supply, there 
is required a regulating or governing power. A stopcock 
is attached to a pipe by which the feed-pump obtmus its 
supply of water to force into the boder, and so, by imped- 
ing or facibtating the passage of the water into the boiler, 
the attendant may regulate the supply. We have said 
that this cock is attached to the pipe by which the pump 
obtains its supply of water, and not to the pipe by which 
the same pump forces its contents into tlio boiler it is about 
to supply ; and wo have done so for this reason, that it is 
dangerous to apply such a stopcock on the pipe between 
the pump and the boiler, because, if the force-pump be- 
come once filled with water, and be forced down by the 
engine when the stopcock is wholly or nearly closed, the 
pipe will be burst from the in compressibility of the water, 
unless its valves should be so leaky as to allow the water 
to pass back into the reservoir from which it has been with- 
drawn. As, however, it is sometimes desirable to hsre 
the regulating cock on the boiler feed-pipe, the following 
provision is made to render that method of regulation aA 



r 




and efficient Between the feed-pump and the boiler, fig- 
225, there is mserted, in connection with the feed-pipe F, 
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Kt any point V beyond the valve of the pump V^ which 
prevents the return of the water into the pump, a loaded 
escape-valve V; its load "VV heing so adjusted, that when- 
ever the regulating stopcock R is turned so as to impede 
(he passage of water towards the boiler B, the force of the 
feed-pump pushes the water up against the loaded valve 

, and by it escapes through the return pipe above into the 
supply S, again to be brought back into the 
[tump when required for the future supply of the boiler. 

Still, however, this apparatus depends in some measure 
Dn the adjustment of tire regulator-valve R by an atteud- 
; and contrivances have been invented to render this 
bIso automatic. In the boiler, and on the surface of the 
irater, is placed a weight W, with a Ftg. m. 

j^tial counterpoise wj, so as to rest on 

i airface of the water. IVora the 
toint m a small rod passes downwards 
I up again, through the feed-pipe 
M tto the point V, where a conical 
alve or plug V opens the communi- 
ation with the feed-pipe F F and the ~ ^~ 

rater of the boiler when it is raised, and shuts it again 
rhen depressed. Now, when the water is abundant, the 

ight W floats high, and keeps down m and V ; and 
■hen low, W descends, and raising m and V, admits the 
equired supply into the boiler without auy assistance. 

Where a high-pressure boiler is used foi- purposes in 

hich a steam-engine is not employed, detached self-acting 

apparatus must be employed. The foUowin" ele- 

it and most effective apparatus has been invented by 

■ Macdowall of Johnstown, and is now extensively used 

Scotland. We have seeu it in an efficient working 
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state, after beiDg employed for many years, and it only 
costs about ^20. It is nothing less than a small steam- 
engine, but it is applied in a most effective and ample way 
to the purpose designed. 




A very simple apparatus on a mmilar principle wiB 
adapted some years ago to teed a boiler without the assis- 
tance of a steam-engine, A close vessel or reservoir is 
placed above the level of the boiler, and is in communic* 
tion with the water in the boiler through one pipe, Mil 
with the water to be supplied to the boiler tbrough sfi- 
other ; a third small pipe connects the steam-chest of the 
boiler with the top of the said reservoir. All these pifKS 
being closed by moveable regulators or stopcocks, the »l- 
teudant is first to open the st^m communicatiou, thai tbe 
reservoir may be emptied of air and filled with steam, anil 
the stopcock is then shut. In the next place, the cuiddiU' 



nicatioD with the cold water to be eupplied is opened, aod 
the reservoir on getting cool becomes vacuous, so that the 
iressure of the atmosphere fills it with cold water, and the 
eomniuiiicatioD is then cut o6\ Lastly, the third stopcock is 
opened, and the water in the reservoir having free com- 
manication with the water in the boiler, it is only neees- 
rary to open the steam-cock again, and the water, being 
in equihbrium by the pressure of the steam, will run 
freely by its own pressure, from its height above the boiler, 
into it, and the process of alternately filling and emptying 
tiie boiler may be repeated as often as required by turning 
flie cocks in this succession. A simple process renders all 
valves self-acting. 

Fig, SB. Pig. tx. 
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The resenolr, fig. 229,'is a close vessel above the boiler 

; R r is the pipe by which the cold water is obtained, 

xl it Is regulated by the stopcock r; T f is the fecd- 

^for the boiler, regulated by the stopcock/,- Ss ia the 

i-pipe, opened by the stopcock s. In fig. 2.30, there 

I a balanced float on a pivot o, and a slit bar h conneut- 

I a small slide-valve s with a piu on the float bar ; /■ is a 

L ball valve, acting only upwarda; and m F is a 

pl?e permitting the descent of the water in the pipe F/, 
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and preventiog its return. The latter is of the self^djng 
form, of which the action once begun will continue indefinite- 
ly. A commanding valve being connected with the boiler- 
float, woiJd render the play of this apparatus dependent 
on the requirements of the boiler itself. The reader who 
is acquainted with the steam-engine of Savery will per- 
ceive at once that this reservoir, with if^ apparatus, is a 
mere Savery's steanm^ngine, applied to pump water btn 
the steam boiler ; and that this application of that engine 
is not liable to the objection lu-ged against it in other cir- 
cumstances, namely, tliat the water is heated as well as 
raised. In this instance, the heating is attended with no 
loss. 

Indices of pressure and safety apparatus are important 
appendages to a boiler. These are of foiir kinds ; dyna- 
mometers, safety-valves, fumble plugs, and alarms. 

The usual dynamometer, to measure the force of steam, 
is a ample tube, bent upwards at the end, and formed 
sometimes of glass and often of iron. The two ends of 
this tube being curved up, so as to give it the form of the 
letter U, one of these extremities ispig. kji. Fig. sm. pu.sn. 
applied to the boiler, and placed In 
communication with the steam ; mei 
cury is poured into the tube, so s 
to fill one-half of it, and the pressure 
of the steam upon one of the extremi- 
ties of the column of mercury, forces 
the mercury to ascend in the other, 
and to indicate, on a divided scale, 
the amount of pressure, which is about 
one pound on the inch for each inch 
of height on the scale. It is necessary, 
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1 all these mercurial gauges, tbat the tube be of equal 
[iameter throughout its length. If the tube be of iron 
DBtead of glass, it is necessary that a float of wood, or iron, 
r ivory, figure 231, resting on the top of it, should ascend 
bove the tube, and indicate on a scale the place of the 
aercury. For high-pressure boilers, a longer tube and 
Bale are, of course, necessary ; and a very convenient 
form for this piu^pose is given in figure 233. From a 
. resting on the fluid stretches a string carrying a 
Counterpoise at the other end, and passing over a pulley, 
raises or depresses the index of a valve on which the 
fluids of pressure are indicated by the inches of the 
scale. 

Another very convenient index of pressure, preferable 

D any other with which we are acquainted, is the piston- 

;aug& A tube of small (Mameter, two or three inches, is 

1 truly cylindrical, and attached to the steam chest of 

: boiler, figure 234. This cylinder has a solid plug or 

ton truly turned, and ground exactly, but not loosely, 

nto it. The pressure of the steam bearing up the piston 




unthe lever, one end of which is attached to the spring in- 
)r, gives the true indication of the pressure on the 
prton. The spring is also applied directly above the pis- 
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ton, S3 shown in the second figure ; but this iDStrument Is 
used on a smaller scale than the other. The ordinary 
satety-valves are described in another part of this treatise. 
There is a species of safety boiler apparatus in wbiclt 
great faith lias been placed by many mechanicians and 
men of science. It has been proposed and enaded that 
boilers be furnished with fiisihle plugs, or that, in parts 
of a boiler exposed to high temperature or pressure, there 
should be placed plugs, forming small part^ of the boiler; 
which plugs being composed of metals easily melted, shall 
give way when by accident too great pressure and heat haTC 
been employed, and so, by a'less evil, prevent the greater 
one of total disruption of the boiler. This method of creat- 
ing a less evil to avoid a greater has lately been shown to 
be fallacious, and ought to be abandoned. For the com- 
plete exposure of the madequacy of the system of rodeUes 
fimbks or fusible plugs, we are indebted to the Commit- 
tee of the Franklin Institute, already so often named witt 
gratitude. The American experimenters found, that when 
alloys of tin, lead, and bismuth are applied to steam boilers 
in the way recommended by the Commission des Rodelles 
Fusibles, the alloy does not melt in the manner of an ho- 
mogeneous metal, as has been supposed ; but thal^ in feet, 
the more fusible metal melts in the minute cells of the less 
fusible metal, long before the whole mass becomes liquid ; 
that the minutely divided, but more obdurate metal, forms 
a grating, or rather sponge, in which the other lies meltei 
HO that when the temperature of the steam rises to melt 
the first metal, the pressure of the steam gradually espeh 
the one metal out of the meshes of tlie other unraelted me- 
tal in globides, in such a manner, that the plate at W 
consists merely of the one unmelted metal, tlie other ba»- 
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g, by repeated heatings, completely exuded from it, and 
;d by such particles of dehris as the water of a 
tiler in common use always supplies in abuudance. Thus, 
plate of two metals, origiually designed to give way at 
iO°, may still deceive the unconscious attendant, and 
ithhold its warning till it have reached a temperature of 
', and contain a combination of heat and water as dan- 
irous as gunpowder, and greatly more treacherous. 

The following experiment will illustrate the whole of 
OS enquiry. A plate of alloyed metals, of which the melt- 
j point in the crucible was about 260°, was submitted to 
^t under pressure. Such a plate would be applied to a 
^ler, of which the temperature was not designed ever to 
Eceed in tlie most extreme case one atmosphere, and of 
hich the usual working pressure would not be more than 
or 10 lbs. It was found that at 256" small particles of 
lelted metal began to esude from the cells of the unmelt- 
3 metal ; the globules thus driven out were carefully ex- 

ined, and found to be fusible at 222°. At 260" a se- 
jnd portion exuded, and their dross were found to melt 
f themselves at 232". At 270° the remmning metal was 

1 tenacious, and was not burst until tbe steam reached 
tamperature of nearly 300°, with an explosive force of 
e times that at which it should have given warning by 
toon, and the escape of water and steam, from the small 
i it had filled. This last readual porous plate 
'metal was found not to melt until it reached the tem- 
irature of 345° instead of 260°. " These experiments 
e Committee (properly enough) deem conclusive, in re- 
trd to the use of fusible plates in the ordinary way; 
td they conceive that substituting fiisible plugs of greater 
icknees, say half an inch, as has been chrectcd by a re- 
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cent ordiDance in France, would not ser 
the defect thus exposed." 

The true remedy for tliia evil was the 
enquiries of this excellent Committee. They properly in- 
ferred, that the fusion of an alloy of metals at a given 
temperature was only to be depended on whea it waa not 
exposed to the mechanical action of steam, that is, when 
not exposed to its presaurej but only to its temperature, 
" The true remedy is to be sought in enclosing the fiidble 
metal in a case, in which it shall not he exposed to the 
pressure of the steam ; so that the more fluid parts of the 
metal shall not be exposed to being forced out of tbe mass, 
but the whole become fluid, as if exposed to heat in a cru- 
cible." With this Tiew of the subject, trial was made of an 
apparatus described by Professor Bache, in the Journal of 
tile Franklin Institute for October 1832, under the title of 
" An Alarm to be applied to Steam Boilers." 

The construction of Professor Bache's alarm is sufBcient- 
ly simple. " A tube of iron or copper, according to the 
material of the boiler, and closed at the lower end, pa»a 
through the top of the boiler, its closed end reaching the 
flue to which it is attached. This tube, it will be observedi 
affords a ready access to the flue to ascertain its tempnft- 
ture, without any restraint from packing. A mass of fb- 
sible metal placed at the bottom of the tube will become 
fluid very nearly as soon as the Sue takes tlie temperature 
of its fusion. To show when the metal at the bottom "l 
the tube becomes fluid, a stone is attached with a eoni and 
weight, or with a lever and weight The weight and loo* 
ger arm of the line, descending, may be made to rmg 
or turn a cock, or open a valve, permitting just 
of steam to issue, to give the alarm. A projection 
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rer end of the rod preveota it 
a being drawn from the me- 
until this latter is fused, and 
widening the lower part of the 
e the metal is kept from being 

iwn out by the rod- BB, fig. 236, 
the fusible metal in a tube 

is, as it 
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s part of the boiler 
r the rod to which 
!, soldered, and when the metal melts, the 
ight W will descend and give the alarm, either by strik- 
T a bell, opeuing a steam whistle or trumi»t, or rising 
ralve. This apparatus of Professor Baehe's is a valuable 
dition to the mechanism of steam. 
The common alarms, f*. sa? Fig. ws. 

e steam whistle and the 
jam trumpet, may be 
)de to give DDiey indica- 
hb of an excesave pres- 
re of steam. A small 
on the steam chest is 
cover a lock-up safety- 
loaded at the high- 
t pressure the boiler should endure. On this box is to 
I placed a steam whistle or a steam trumpet, so that an 
■rming noise will be the consequence of any excessive 
; for the steam issuing through the aperture of 
B instrument will give it voice with an intensity propor* 
wed to the pressure. 
In figs. 237, 238, a steam whistle is represented. A a 
a tube leatbng from the boiler : in it is a stopcock. On 
a top of the tube is a hollow piece bh, surrounded by a 
in cup cc, and carrying, by a pillar fixed on its top, 
ther inverted cup E. When the stopcock is opened 
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the aleam eaters tbe cap cc through Iiolca in the foot of 
liw boUov piece M, and ru^Bg out at the narrow orifice 
dd, between the cop c and the hollow piece, strikes on the 
edge of tbe cup E, aod produces an exceedingly load and 
shrill eoond. No gtopcort is, of course, required when 
this alarm i^ placed on tbe bos of a safety-valve, in the 
uunner stated above. 

On the Proportimu of Bmlera. — TTiat a boiler when 
consb-ucted shall be capable of generating a auffirient 
quantity of steam, without burning an excessive qnantitj 
of fbel, without incurring an excessive expense in con- 
struction, and without endangering the duvability of the 
metal, subject to the intense heat of tbe fire, is a problem 
of some difficnlty, especially when it ia attempted to ob- 
tain a maximum of e&ct at a minimum of means, whe- 
ther the minimum desired be that of weight, bulk, or 
expense. There are some simple rules deducible from 
llie best practical results that have come under our ex- 
amination. 

The quanti^ of water to be evaporated in a coratnen 
steam-engine b generally reckoned at one culric fijot •" 
hour for each horse power. But if allowance be made fof 
accidental leakage of tbe boiler, for blowing off st the 
safety-valves, for priming, and other casualties, an addi- 
tion of one-fifth part may be provided for. The gtandarn 
for calculating is, however, one cuhic foot of water for each 
liorae power. 

The area of the grating in the furnace on wluch th* 
fuel is laid is an important element of ^dency in » 
steam-engine boiler. Here practice somewhat vwi* 
The bars are generally about one inch broad on tte tffi 
and the interstices from J to ^ an inch wide, lliese ^IW- 
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i supply oxygen to the fuel, and regulate the com- 
istion, which is only perfect when the supply of air is 
inple. It is found that as much air as will pass through 
ich square foot of the area of the grate of the fire is auf- 
Bent for the effectual combostion of as much fuel as will, 
t a proper boiler, evaporate one cubic foot of water an 
, and supply oue horse power in a steam-engine. 
5)08, a fire grate 6 feet square, containing 6 x 6 = 36 
iiare feet, is found to give an ample supply of air for the 
mbustion of as much fuel as will supply an engine of 
I horse-power, evaporating 36 cubic feet of water an 
But although this is a safe and excellent propor- 
pn for ordinary practice, yet it lias been foimd, that with 
i-quick draught a smaller extent of fire surface is sufB- 
So low a proportion of fire grate as fds and even 
' of a square foot to each horse power, has been employ- 
t by eminent engineers, and has succeeded, while others 
Bcommend a much larger allowance even than one square 
>t. It is certain that the larger area of fire-grate is con- 
fiiye to economy and durability. The standard of sur- 
X is, therefore, to he taken at the most desirable propor- 
a, and only to be deviated from where limited space, as 
t locomotive-engine and steam-abip boOers, renders tliis 
e inapplicable. This standard is one square foot of area 
t grate for each horse power. 
The next condition on which the success of the boiler 
roblem depends, is the extent of the surface of the boiler 
1 on by the fire, so as to apply its heat to the water. 
bis is also a subject on which practice varies widely ; so 
idely indeed as from 8 to 36 square feet per horse power. 
ight feet require a clean thin copper boiler, and a very 
Greet impact of the hottest part of the flame, with tbe loss 
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of a portion of the heat ; bnt 36 feet, on the contrary, Iw= 
ply the ]io8sesdon of profuse apace, and a deare to ccono- 
raiao to the very utmost the powers of the fuel. The 
standard of practical effect with the usual irou boilere, in 
ordinary circumstances, is 16 square feet of heating eur- 
iace for each horse power. 

Of this surface, about one-third ia horizontal, and two- 
thirds are vertical surface ; and of these, the horizontal 
surface is imagined to he twice as effective as the vertical 
surface. Arguing on this suppomtion, some have given it 
as a rule to calculate each vertical foot as only half an ef- 
fpcfivefoot of heating surface, and so to make nine or ten 
square feet of effective heating surface the standard of 
boiler power. But this rule, though giving the same re- 
sult as the former, proceeds on a supposition not yet este- 
bliahed, and which does not always coincide with the fiict- 
It will be easily seen that S feet of horizontal sor&ce, add- 
ed to 10 feet of vertical surface, making, according to tte 
one mode of calculation, 15 feet of surface, divided in ibe 
proportion of two-thirds vertical and one-third horizontal 
surlace, forms an exact equivalent to the other mode — of 
reckoning the 10 feet of vertical surfece only equal to* 
effective feet of surface, and adding to the said 5 efifective 
feet of surface the 5 feet of horizontal surface, making in 
all 10 feet called effective feet of heating surface. 

The next essential consideration is the area of the chim- 
ney and flues. It has already been given as a standard) 
that the fire grate sliould have the area of one square fool 
for each horse power. Now, this area for the adffiisioil 
of air should be accompanied vrith a sufficient passage W 
carry off the gaseous products, and the hot air and flaaie 
resulting from combustion, Prom an examination of tlw 
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t boilers, it appears to U3 decided that one-fifth of the 
a of tlie fire grate, gradually diminishing to a chimney, 
phich shall have one-tenth of the area of the fire grate, Is 
1 excellent proportion. We therefore feel disposed to 
■ecommend it as a standard for steam-engine boilers : one- 
fifth, diminished at the chimney to one-teuth part of the 
1 of fire grate. 

The chimney should be of the same diameter through- 
t its interior ; and if of 40 feet height and one-tenth 
t of the area of the fire grate, it will give an abundant 
taught If the height of the chimney be greater than 
lis, the area may be dimmished as the square root of 
e height is increased. 

The quantity of water to be contained in a boiler is a 

latter of some importance. If we conader bulk and 

Vaght as of no consequence, and if the boiler be in con- 

tant work, there c^inot, perhaps, he too much water. 

Dn the contrary, if there he only a small quantity, many 

9 are encountered. In the first place, a large mass of 

ter serves to regulate the production of steam from a 

niler, much in the same way as a fly-wheel regulates the 

d of an engine ; whereas with a small charge of water, 

Qte unavoidable oscillations that happen in the supply of 

Bold wider or the additions to the fire, make sudden and 

iojurious changes in the production of steam. In the next 

place, it is well known that steam is a. very had conductor 

if heat, and lias a small capacity in its gaseous state for the 

xjuisitiou of more heat. Hence it is found that if the 

tducdou of steam be rapid, and the water present in a 

Jler propOTtion, the heat is not carried off sufficiently 

it from the metal heated by the fire, the boiler is over- 

d and rapidly deteriorates, while the production uf 
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steam is greatly retarded. For these reasons, it is 
sary to have a large snpply of water. Eight to thirteen 
cubic feet are very commonly allowed hy practical men. 
As a standard, or perhaps as a minimum, we may ataign 
ten cubic feet of water in the boiler, in its mean condition, 
for each horse power. In like manner, we will do well 
not to leave less room in a boiler for the steam than is a»- 
iagned for the water. 

Economy of Fuel in Steam Boilers. — The ordinary con- 
sumption of fuel by one of Mr Watt's engines is 10 Iba. 
of coal for each horse power every hour. The work done 
by this fuel is equivalent to the power of raising 150 lbs. 
220 feet high in a minute, or of raising 220 times 150, that 
is 33,000 lbs. one foot high, or any equal product of mass 
by height in every minute, by the combustion of 10 Ibi of 
coal, which gives in every hour 198,000 lbs., raised one 
foot high, by the combustion of one lb. of coal. This, 
however, by care and economy, is often exceeded by Mr 
Watt's engines ; and the following are about the standards 
of work done at a given expenditure of fuel in onUnaty 
engines, which is called the Duty of Steam-Engines. 

The Duty performed by Ordinary S team-Engines ifr— 

One horse power exerted by 10 lbs. of coal an hoiBf. 

Quarter of a million of lbs. raised one foot high by one 
ib. of coal. 

Twenty millions of lbs. raised one foot by each busbd 
of coals. 

The constant aim of engineers is to increase the amoaot 
of this duty ; in other words, to make less than 10 lbs. of 
coal do the work of one horse, or to obtain a greater duly 
than a quarter of a million of lbs. from one lb. of ooa^ tf 
more than 20 millions of duty Irom a bushel, or 64 lbs of 
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To such an extent has this eSurt been Buccessiiil, 
X one cubic foot of water has been converted into ateam 
capable of exerting one horse power by the combustion of 
s than 5 lbs. of coal ; and thb ateam has been so ma- 
aaged iu the engine as to raise one million of lbs. one foot 
Ijligh by one lb. of coal, and in one case 1'25 millions of 
Jbs. by a bushel of coals was the duty obtained in Corn- 
FaJli Of these improvements part is due to the economy 
jif steam in the engine itself,* and does not come under 
this head. That part, however, which is the result of eco- 
nomy in the boilers deserves our attention here. 

By a series of experiments, carefully conducted or cot- 
Jected, and ably discussed, by Mr Parkes of Warwick, the 
s of steam-engine boilers have been placed in an 
aspect sufficiently clear to enable us to deduce some gene- 
ral results of considerable economic importance. The par- 
ticulars will be foiand in the large table at the end of the 
Tolume. The observations were made upon three great 

This chiefly consista in using tteem of higb preseuro CKpnn^vGly : mxch 
Mng iC a piissure of dU or 50 ibs. above thenCniaspliere. and cutting it 
dffM 6om one-third to one-twelfth of liHBtroke, Infto Coroish enginei, 
the outer casjiig or jacket is atili retained ; although that is now di*- 
led in many other engines, notwithatanding its being more needed than 
iermertj, on account of the higher temperature. 

Undsr the articlo Hygrometrj and Therm nmeter of the Encyclopiediiii 

it hoi been ahumi necesauily to IbUow from admitted prindplea 

a constant pressure, air expands in geometrical progrcsBian fbt 

at. Mora recentlj" Professor Faraday has drawn the 

incluaiDn aa regards elastic fluids generally, from hia very taluabie 

expeiimental researches on heat. This conclusion, while it 

ft great encounigemeiit to employing aleani of high temperature and 

■mr^ and receives confirmation from the udvantagca which result from 

tudng it, ia fatal to the boat of mutbematical inveatigations foondcJ 

the gratuituiia asaumptinn, that under a constant proasure the expanaiona 

•loMio fluids ore simply proportional to the inorementa of heat. 
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classes of boilers ; the Cornish high-pressure boiler, L to 
IV. ; the waggon boiler and ctininion low-presiure boiler, 
V. to XIV. ; and the locomotive-engiae boiler, XV. and 
XVL The waggon boiler, V., was treated at Warwick 
in a peculiar manner by Mr Parkes himself, who is the 
adrocate of a peculiar system of management, by which 
»ery slow combustion of the fiiel is produced. 

The Comiflh boilers, L to IV., are distinguished from 
the common boilers, both in construction and treatment. 
The surface which they espoee to the fire is enormous, 
being four or live times as great as the standard of nsual 
practice, as we find in I., where 34 horse power has a sur- 
face of 2600 feet, and in 11., where 48 horse-power has a 
sur&ce of 3170 feet exposed to the fire. This species of 
boiler is invariably cylindrical, and traversed longitudiDally 
by cylindrical iron flues. It is also surrounded by exter- 
nal flues, except on the upper surface, which is placed nn* 
der a roof, and enclosed to a considerable depth in saw 
duat, or other non-conducting matter. The circuit wlueb 
the flame and hot gases perform, in contact with the flueSf 
is about 150 feet long. The treatmeut of the Cormeh 
boiler is as peculiar as its structure ; for, instead of a Btrong 
draught, a tall chimney, and an inteuse firei the foel ia 
leud on in large masses; it is allowed to cake and to con- 
sume very slowly, wliile its products pass up the chimney, 
after having paid a leisurely visit to the two or three 
thousand feet of absorbent heating surface that surronnd 
its long and circuitous passage towards the open air. Very 
perfect combustion is obtained hy the thorough combinft- 
tJon of the oxygen, and the ample time permitted for the 
communication of the heat thus developed. Durability ia 
the materials, economy in the fuel, and increase of useful 
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effect, are obtained by the Cornish construction and usage 
to ail extent that excels every other mode of generating 

team with which we are acquainted. 
The economy of the Cornish boiler and its causes ma; 

ie estimated by comparison with the standards we have 

ib-eady given of very ordinary practice. 
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eoft. 
loibB. 

10 lbs. 
6 lbs. 
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60 to 70 
15011. 

Sllba. 
Sllba. 
lljlbs. 








BoBl consumed per hour per fcmt of grate 




The few selections from the valuable magazine of prac- 
cal facts presented in this table, serve to show how much 

to be gained, even without the assistance of new inven- 
DDS, by judicious construction and treatment of ascertain 
1 and practical kinds of boilers and ordinary fuel. A 
l:ving of 50 per cent over ordinary practice ia gained in 
pmwall by large fire grates, thick fires, slow combustion 
Itemal flues, extensive fire surface, and estemal cover 
igi. He who deares to improve the construction or ma- 
Igement of his boilers has only to fulfil the conditions 
lat are now brought under his attention. 

The common waggon boiler stands contrasted in al 
kiots with the Cornish boiler. Yet it is cheering to see 
ow much advantage may be gained by a judicious con- 
roction of fire grates, and a proper system in managing 
le fire, as is shown in Mr Parkes's experiments on bis 
Diler at Warwick. The only peculiarities of the War- 
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wick treatment appear to have been a large fire grate,n 
Hinare feet to the horse power, and slow combustion ; the 
high result of 10 lbs. of water evaporated by each pound 
of coal, and the economical result of only 6 lbs. of coal to 
each H.P. per hour, appear ss the reward of this treatment 
The locomotive- engine boiler ia in every point contrast- 
ed with the Cornish boiler. To pursue this part of the in- 
vestigation more minutely than its eshibitjon in the tables, 
would not coincide with the objects of this section. It 
partly belongs to the article Railways of the Eucyclopxdia 
Britannica, which has also been published in a separate 
volume. Indeed most of the improvements connected with 
steam which have tiken place since the publication of the 
first editioD are more closely related to Railways aai^ 
Steam Navt^tion. 



Bnatum, piige 146. A Bentfnce ahould be^ with line Ave 
lorn. That a mere ndghl, &c. 

N. a If the crank be loo long, it may move to hat that a weight cnuld 
not act proper!; upon it while descending ; but this can alirajs be BTitided 
by iiBug a shorter crank. PeriiapB it wouU tend to eoflen the actioB of 
the ireighl, if eomething niightly elastic were interposed between it and tli« 
crank. It is evident thdt, in some cases to suit want of room, a nei^ 
might be made to net nearly Oa well if raised on n rod tar enough nhOK 
the crank as hanging down uruJer it 

The want of the fly in Hr Lucj^i Higina (page U7> must have UW 
partly supplied by some other means than anytliing there described, nslMs 
it were the momentum of the millBtoncs. Because the pneumatic punii 
proiides no increase of force at the commencement of each stroke to orf- 
come the inertia of the great beam, and of otber parts of tlie machins; 
having a corresponding reciprocating moQon. As little dott it ptwioB 
any cessation of force neat the end of the stroke, so as to allow the tev^ 
ed momentum of those reciprocating parts to be exhausted in propsUilW 
the machinery, that they may eouiB to rest without any 



GENERAL DBSCRIPTIOS OP TBE PL4TE8. 



DESCRIPTION OF THE PLATES. 

Hate I. Figs. I and 2 exhibit a front and side eleva- 
1 of one of the simplest forms of the noo -cod den sing 
steam-engine. Its principal parts are the cylinder A, the 
pieton-rod P p, and connecting rod p K, acting dbectly 
upon the crank K X, and fly-wheel "W W. There are 
also an eccentric and valve-rod x x x, and governor to w. 
Two columns and an entablature support one extremity 
(rf the crank axle, and give attachment to minor appen- 
•dages. The other extremity of the axle rests on the wall 
of the building. To the columns is attached ff ff,s, guide 

r the top of the piston-rod. The feed pump /ff is 
worked by another eccentric on the crank Ehaft. 

Figs. 3 and 4 exhibit an engine of still greater matbe- 
]iiatical simplicity than tbe last, although its mechanical 
.Arrangements are probably more intricate. No member 
intervenes between the piston-rod and crank. A double 
croes-head H H, which is carried by the piston-rod P p, 
has an oblong open space in the middle in which the crank 
pin, in its circle of rotation, oscillates fi-eely on alternate 
>:lidee of the piston-rod ; and this cross-head, being itself 
powerfully confined to move in the vertical direction only, 
by the slides on the columns m m of the framing, the ver- 

al motion of the piston-rod is precluded from having 

f other dynamical effect than the most direct of all poa- 
■ible conversions of rectilineal into rotatory motion. The 
flier tetters refer to the same parts as in tbe last tigure. 

Plate XL Figs. 1 and 2 show the bigh-presaure en- 

I its most improved form for stationary purposes. 

[J the arrangement of its principal parts, 
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to tbe usual coBstranJoa of Boulton and Watt's conden- 
sng engine. A ca^t-iron base supporting six columns 
Mid an entiibUtur?, fbrrDS a framing upon which tbe parts 
of tbe engine are di^buted, 3) as to form what U called 
■ p(»table engine, being entirely independent of tlie build- 
ing in *rluch it may happen to be placed. At one ex- 
tremity of the base if placed tbe cylinder A A, and at the 
other the craak-asle X, and fly-wheel W W. Tbe motion 
is transferred from the piston P p. tiirough the great lever 
L L L, and connecting rod or crank rod L K. The feed 
pumpy^b in this instance worked from the point ui of 
the parallel motion, in the way generally adopted in con- 
densDg engines for working the air-pump, whose place in 
feet it here occupies. The valve is a abort D-slide, workei 
by eccentric gear, x x x x. S is the steam-pipe. TIb 
eduction pipes E, E are seen descending on both ades of 
tbe valve casing; they miite in a common chamber be- 
neath tbe cylinder, whence a pipe conveys the edueted 
steam to tbe chimney, or to serve some other purpose, f^ 
the case may be. The governor acts as in tbe preTiDU> 
case. This drawing is taken from the form of engiw 
manufactured by Me^rs Caird and Company. 

Figs. 3 and 4 exhibit a form of tbe upright condeuBng 
en^e manufactured by Messrs Carmichael of Dundee, 
and successfully applied by them to various purposes. It 
is compact and has been found to work well. 

The cylinder A ia placed upon the floor, and on eaeh 
side of it stands a cast-iron coliunn. These columns Ifr 
ing hollow are used as steam-pipes, S S, S S, to contg 
the steam to tbe jacket of tbe cylinder, from which it fimk 
its way into the valve-chest D. On the top of the column* 
is a cross-beam sustaining the crank axle, andthecoliiions 
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rpport guides m m, m m, on which, by means of wheels 
. cross-head g p (/, the piston-rod P p is mmn- 
3 vertical position, ao that the connecting rod 
K 13 directly attached to the crank-pin K. The air- 
imp Gr ia worked from the crank-shaft by means of a 
cond crank or bend, and an eccentric x x works directly 
e slide valve ; ff'^ the feed-pnmp for the boiler, mork- 
[ directly from the air-pump cross-head ; w w w w'ia the 
ivernop, with its appendages ; C is the condenser ; N 
e cold well. 

Plate III. Fig. I is a sectional elevation of a land-eo- 
B of twenty-five inch cylinder and five feet stroke ; and 
2 is its horizontal section at the level of the base of 
s cylinder; A la the cylinder, P the piston, Vp the pia- 
i-rod, B6 the parallel motion, L L L the great lever. 
be pillow blocks L/, in which the centre of the great le- 
r works, rest on the spring beam UU, whose ends are 
Bured to the walls of the building in the manner shown 
I the next plate. The centre of the spring beam is sus- 
bed by the columns VV and their entablature «, which 
8 the building and has its ends secured to the walls 
e those of the spring beams. At the other end of tlie 
jat lever are the connecting rod L K, the crank K X, 
id fly-wheel WAV. Returning to the cylinder we have 
, D the slide-valves and their casing ; d, d the packing 
The valve-casing terminates below in EE the 
Inctioii-pipe leading into the condenser C. G is the air- 
mp, F the place of the foot-valve, A the air-pump pia- 
l-rod. The condenser and air-p\imp with their appen- 
[CB are placed in the cold well N. M is the hot well, 
) which the contents of the air-pump are discharged, 
I from which the hot water pump vt draws its supply 



278 TOK STEAM-ENOISE. 

by the pipe n'. The pipe oo leads from the hot 
pump for the fiupply of the boiler. The cold well is sup- 
plied from the cold water pump n by the pipe n n'. The 
rods for working the hot and cold water pumps baug from 
a stud at each tdde of tiie lever at m. The governor mo 
is supported on a bracket It, which bridges across the 
main shaft The influence of the governor b conveyed 
to the throttle- valve by the levers and coimectiag rods 
ime, WW. The valves are worked by the eccentric xxxx, 
ff'a the eceentric shaft which carries the gab- lever/', on 
which the eccentric rod acts; it also carries the levers for 
working the side rods of the valves, the levers wluch cany 
the counterbalaiice weight, and the socket for the starting 
lever. The small pillars T, T, which surround the cylin- 
der, are surmounted by an entablature which serves as a 
support for a gangway round the cylinder. 

Plate IV, represents in detail the different parts of the en- 
gine just described, separated from each other, in order more 
clearly to exhibit tbeh" construction. Figs. A, A', a, a' 
show the details of the cylinder. In A, A' is shown the 
upper and lower ports of the cylinder at 1 and 2, and the 
steam port at 3. In A', 4 is the cylinder cover, 5 tte 
stuffing bos, a is an horizontal section of the eylinder,aBii 
plan of the cylinder cover. 

rigs. D, jy, d, d show the slide-valve casing ; D a frml 
view, D* a side view, 1 and 1 are the packing ports, 2 anJ 
2 the packing-port covers, 3 the eduction pipe, <? the co- 
ver of the slide valve casing,' 4 its stuffing-box, rf a sec- 
tion of the casing. Figs. C, G, F, show a side elevation 
of the condenser, foof^valve, and air-pump ; C, C, T, » 
section of these; and c^g^f, a plan of them. 1 is theen^; 
f the foot^valve, 2 and 3 a section and front vi« 
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'. valre. Fig. L shows a side view of the great lever, 
L 1 a top view, and L 2 a transverse section through the 
centre of it. Figs. K, K' show a front view and section of 
e crank. Figs. X, X, x show a side view, an end view, 
d a plan of the erank shaft pillow block. Figs. l,l\, 
i2, show a side view, an end view, and a plan of the pillow 
Ttfock for the main centre of the great lever. Figs, tk, m' 
jnhow a vertical and horizontal section of the hot water 
pump, and figs, n, «' of the cold water pump. Figs. B 1 , 
2, 3 are the details of the main links of the parallel mo- 
; i 4, 5, 6, 7, 8 details of its au'-pump links; 9, 10, 
11, 12 side and top views of its radius and parallel bar& 
13, 14 is the clutch for the top of piston-rod; 15, 16, the 
gndgeon and clutch for the top of air-pump rod; 17, 18, 
top and side views of the ring gudgeon to wbich the pa- 
rallel rods arc attached ; p piston-rod, H air-pump pis- 
ten-rod, A air-pump rod, gg cold water pump-rod and 
^Bton-rod, and g\g hot water pump-rod and piston-rod, 
I the eccentric, WW, 1, 2, 3, 4 details of the fly-wheel, 
1 centre or gudgeon for the gi'eat lever ; P, P 1 
plan and section of the piston, ai, w' 1 , 2, 3, 4, 5 details of 
; governor, w the spindle, w' the slide, I, 1 the radius 
ns to which the balls 5, 5 are attached, 2, 2 the radius 
VXDS which cause the balls to act on the sliding collar w', 
B and 4 the stay for confining the motion of the balls, t 
, 2 is the slide-valve rod and side rods, i 3 is the siide- 
alre cross-head, R, U' a side and front view of the con- 
secting rod. 

Plate V. exhibits a sectional elevation of a condenmng 

eog^ne designed by Mr M'Naught of Glasgow, and ex- 

ifflrely applied by him to cotton, alk, and saw-mOls. 

! principal peculiarity in its structure b the arrange- 
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toent by which no further masonry is reqtiired for its fimiH 
datioQ tbau the building in which it staDtls, the usual cold 
well being dispensed with, and ibe whole structure being 
connected by cast-iron beama with the walb of the bouse. 
The cylinder AA is attached immediately to TT, the cast- 
iron beams of the floor, which are deeply bedded in the 
wall at T and T, and it rests directly upon the large vessel 
C, which forms the condenser, and is supported likewise 
by beams YY", which are bedded in the walls. The con- 
densation is effected bv injection alone, without the usual 
accompaniment of a cold well around the condenser, an 
appendage that may safely be regarded as by no means in- 
dispensable to the practical perfection of the vacuum — when 
the vessel itself is formed with few joints. The transverse 
beams of the buildings are supported by two pillars directly 
under the centre of the great lever LLL, so as to sapport 
the main centre L ; and the crank-axle X and the aKis Z 
of the fiy-wheel W, are supported on UU, another beam 
of cast-iron. 

The steam enters the house through the pipe SS, psfsei 
round the cylinder to SS, around the long slide-valve DD, 
b^ng confined to the middle of it by the valve packing bh, 
and after performing its duty in the cylinder, passes out 
at EKE into the condenser C, where it is Gnally condensed 
into water. Hence it is drawn off at the foot-valve J by 
the piston H of the air-pump G, and delivered by the dis- 
charge-valve M into N, the hot well. The slide-valve DD 
is worked by the eccentric gear xxxx and the 
through a moveable stuffing-bos dx, 

Plate VL and VII. represent the high-pressure i 
which work the inclined plane at the Liverpool 
the Liverpool and Manchester Bailway. They are besO' 
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iful and in many respects highly judicious ; they are the 
work of Messrs Mather, Dixon, and Co., LiverpooL 

WWW", Plate VIII. is the great wheel which works 
le rope that draws the railway train up the inclined plane j 
iie rope is contained in a groove in the edge of the wheel. 
L cJ»^ch M connects or disconnects the crank-asle XXX 
■itk the wheel WW ; the cranks KX, KX, KX are 
>laced at right angles, so that when one is on the centre 
e ether is at the furthest distance from it, KJi, the con- 
necting-rod, hangs down from L, Lj the ends of the levers. 
"he centre of the side levers, Plate VL, rests on a truss at 
a greater height than three feet ahove the floor of the en- 
^ne-room, hp is a side rod by which the levers are united 
J the cross-head rpr. The steam in this instance comes 
3, quarter of a mile from the boilers to the cylinders 
. by the steam-pipe SSS. Fig. 2 is a section of the 
m-valves and cylinder. The valves DD are short D- 
ilides, surrounded hy steam, and by the underside of the 
idvea the escape tal^es place through the space E ; rfD is 
Jie valve-rod moved by the usual valve-gear xxx. The 
centric xxx, Plate VI., is placed on a long shaft from 
B crank axle at X, which shaft is also employed to work 
he governor-baUs ww. The whole foundations are solid 
i sandstone rock, in which excavations are made for the 

s and ropes. 
Plates IX. X. and XI, These two very beautiful en- 
^nes, constructed by Mr Fairbaim of Manchester, arc the 
xjperty of Messrs Bailey and Co. of Staley Uridge, near 
[anchester. They drive a cotton mill, and possess many 
tcelleut adaptations to this purpose. 
These engines are of a similar form to those employed in 
Srge ateam-vessels, and will serve very well to conduct 
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■*"iiig Imhi at gnat erar IiLIi, is, as it were, ^lit in 
tM^ ear of tfce Urc* biBig placed oo each ade of tbff en* 
ywytat rntrf ttheiaMJletiyalafgegadgeoH ormuB- 
eeatR LL, and at iLe one end ly a eroes-brad, Ipl^ and 
aie le^ BL and RL, and at tbe othn- ead by a crca> 
Sal oT aadv fana, aai tbe connecting rod EL, vliieb 
taaa the oak KX. The moring mass is tfans placed 
luau, aad Ae whole reodered more compact thm ik 
canaoo baaeen^Be. 

Hbb dod^ marine engine is reckoned preferable in tbe 
laaiiafatliiii of cottoo to an engine of tbe conunon Idnd. 
Hhi doidde eagioe gires a considerable degree of wikr- 
aatf to the Trioci^ prodnced ; and the approsimadon to 
Mufimn^ is KBdend sdll more perfect by the short atroke, 
in wUdi tfie Tariatiom ot force recur at shorter intervale 
tbaa tnA a long stroke. A strildiig peculiarity in ttiie 
pair irf engines b tbe la:^ fiy-wbeel, WWW, ibrmetl of 
toothed segments, which receives the moving force of bo^ 
o^nes, and giyes it out directly, and vith a high velod^, 
to tbe mill AaRs YY. Not only b the requisite speed of 
ren>lution attained very readily and quickly by tins meam 
but tbe momentum of the wheel is immediately conveyed 
to tbe shaft, instead of passng through a series of whed 
and axle work The durability and excellence of this tf- 
rangement are unquestionable. 

Tbe section, plate IX. shows the details of many of the 
parts. Tbe steam-pipe SSS from the boiler condnrts the 
steam into a space SS, forming a jacket round tbe cylin- 
der AA. The piston P has metallic rings on its perrpbeiy 
as packing ; U and V the upper and lower eteam-porlB 
are wbolly formed in the cover and bottom plate of tOB 
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cylinder, and are closed and opened alterniitely by two 
short D-slides in two separate yalve-ciiests above and be- 
low. The steam enters the upper chest trom the jacket at 
S, where the throttle valve is inserted and passes through 
the valve. The packing on the back of the valve is screw- 
ed down from above by a vertical spindle, and the educ- 
tion takes place through E by a hollow vertical column on 
one side of the valve-chest, while the steam passes down 
to the lower port through another column. The conden- 
ser C is a single casting, placed immediately below the 
valve-chest, and ia entered by the injection pipe ec at c, of 
which the aperture ia regulated by a slide-valve and ver- 
tical spindle ending in a screw. F is the foot-valve, go- 
verning the communication between the condenser and air- 
pump Gr ; H is the air-pump piston, with common clack 
*^ves ; and M is the delivery valve, opening outwards in- 
to the hot well. The waste pipe is immediately below M ; 
and the feed pump and pipe / ai'e in the masonry below 
the lever, so as to draw the feed water from the waste pipe. 

The valves DD receive motion by an apparatus some- 
what peculiar. A stud in the crank pin K carries round 
a. small radius rod xx on an axis, concentric with the 
crank ; a smaller crank on this axis or shaft has a length 
equal to half the throw of the valve, or equal to that whicii 
would be given to the usual eccentric, and by a bar a: j^ 
similar to the eccentric rod, the valve is moved by this 
lesser crank, just as by an eccentric This gearing has the 
advantage of lightness and precision, m m m are the usual 
Unka of the parallel motion ; rf is a counterpoise to the 
weight of the valve, id w are the weights of the governor. 

Plates XIL XJII. XIV. exhibit views of a pair of beau- 
tiful marine engines, constructed by Mr Napier, for the 
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r Bridifc and Xonii American royal nuil eteam-sblps 
L, AcwTai Cdbdonia, aod Colomlna, pljing h^ 
BliTOtpnni,H*lifaT.(NoraScoti«,)MidBo6ton,(U.S.) 
' The fiiUmritig are the general Amenaons of the vese\a 



LoDgdi from figure-head to taffrsil> 
Lo^di of keel and fore^vie, 
frcadth of beam betveen paddlea, 
Deptfaafbold, . 
Kaanetn of paddle-wbeel. 
Length of floats, 
Vmmeter vf cylinder, 
Lei^ofBtroie, 



26 
6 
6 10 



Theae o^bes have about 240 horse-povers. 71k 
, jaAflr riiafts make 16 rcrolations pn* minute. The biD- 
■age of ibe vesael bj the ohi law is about 1200 tons. 
Plate Xn. 13 a !»de eJeraboD of one of the engii]e& 
Ptate XQL is tbe deratioa of the crank end of the eu- 
giaes, and Plate XTV. tbe decatioD of the cylinder end. 
By an kt^ftectioD of these eograviogs it will be seen, that 
tbe parts of tbe engines u« sustained by an elegant and 
rigid Gothic franung, rendering them, notwithstantUng 
the pondoTjdtT of their different parts, entirely Indepen- 
ilent of tbe ve^el on which they are placed. AA are ihe 
crltoders, B tbe ^de-Talre ca^g, C tlic condenser, D tbe 
bot well and air-ve£»l placed on tbe top of the condenser. 
E the air-pump, FF ttie feed pumps. The moving parts 
of the engine are as follow : — K the cylinder piston-roi 
I tbe CToesbcad, K the cylinder side rods desceudiog to 
the gnat side levers GGG> Connected with tbe parts 
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it described are the radius rods of the parallel motion 
J, the motion side rod L', and the parallel motioo shaft /, 
the valve or weigh-shaft on which is fixed the valve le- 
Fer W, whose other end is inserted into a clutch on the 
lide-valve link c. On either side of the centre of the 
;reat lever depends a aide rod ff, to work the bilge and 
line pumps, and to its extremity are attached the links 
f the cross-tail of the connecting rods, P the linke, Q the 
ros8-tml, R the connecting rod. To the upper end of 
lie connecting rod ia attached the crank S ; T is the in- 
Brmediate or crank shaft, T' T' the paddle-wheel shafts, 
)n the crank-shaft is placed the eccentric U ; and wk is 

e eccentric rod working the eceentric gab-lever v on the 
live or weigh-shaft t ^. ^ y y the expansion valve ap- 
uatos, h, k escape valves at top and bottom of cylinders, 
1 paddle wheels, k lever for starting the engines, 1, 1 
team-pipes, 2, 2 waste water pipes from hot well, 3 double 
jrce-pump for filling boilers, extinguishing fires, and 
rashing decks, 4, 4 engine beams, 5 5,55 midship secdon 
' vessel, 6, 6 thick planks checked in upon and bolted 
brough the timbers thus : — 



Plate XV, This is one of that class called the rotatory 
i-enginei a class comprehending many varieties of 
we hear much and see but little. The engine ia 
m OB an illustration of tliis very unsuccessful class of 
ines, by one of its least exceptionable examples. It 
actually been in use for some years, being frequently 
iloyed to turn the machinery of a lai'ge establishment. 
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We have seen it working smoothly and well : yet we have 
not been able to recognise in it any reason for giving it 
an equality, much less a preference, in comparison with 
the common engine. It can be reversed in the same way 
as a common engine. It was invented by Mr Yule of 
Glasgow, by whom it was patented, and is still in the works 
of the late Thomas Edington, Esq., at Glasgow. 

SSS is a double steam pipe, eitbei branch of which 
may be employed according as the engine is to go forward 
or backward. AA is the cylinder firmly fixed on a stone 
foondation, and in its centre is an axis XX, upon oneslde 
of which, and eccentric to the cylinder, is an inner cylin- 
der or barrel turned quite true, and fixed to revolve with 
the a^ X, and so to form the piston P, which is to receive 
and give out the force of the steam. RR furnishes the 
point cCappui, or surface of reaction, which reaste the 
force of the steam and forma a fixed obstacle. It is a flat 
slide or sluice, (see fig. 5), resting on the barrel piston P, 
and maintained by guides always in a vertical portion. It 
pases into the cylinder through a rectangular stuffing 
box, and is raised and depressed by a small eccentric pin 
jr r, so as to remain always upon the surface of the piston 
drum. All the working surfaces are rendered ateam- 
tight by metallic packings. EEE is the eduction passage 
into the condenser or the open air, DD are slide valves to 
be reversed when the engine is to go backwards. On the 
KTolviug axis of the piston X are toothed wheels, G, (r* 
working other two, G, G, which have a common axis o, 
I oarrjing a fly-wheel ^V"W, and driving the machinery to te 
worked by the engine. Fig. 6 shows the ports at D, D' 
Fig. 7 shows the guides of the slide RR. 



le there, 1 OD. A species 



r. Hero's DiBsettation on, aa a medium for coniinuiiIi:atii]g prea 

ti, and upon a tbcuudi, 7. 
-pump, 66, 78, 18*. 
ni for Bteom-baileiB, Boche'i, 2H, the comnion, 266. 
in mil], a deacription of Watt's double i 
jen, the high-presaure engine FOmmonl} 
of parallel motion first adopted in, 1U6. 
denlf^ liheir nations of ateam, in accordance with Bome recent candid 
' more of steam than has beea generally admitled, 5. No 
ipecifle term for gleam -was generally used by them, i. 

s, his works, and those of Hero, reappeared as Mme of the first 
tt popular produetioiu of the art of printing, 1 4. 
iae 00 steam-engine boilers, 220. 
Ic apparatus for raising weights by a vacuum, 13. 
Bteam-engine, 40, 48. Itendercd self-acting by Newcomen, 
ber, and Beighton, 53. Improved by Smeaton, 54. In the hands of 
le wholly a SleamrEngiTic, 59. 

gfae't alano, to be applied to steam-boilers, 264. 
"i^ton^ improvement of the steam-engine, 49, 53. Eijieriments on the 

in the production uf steaui, 63. 
nrthrougliialte, 81, 11)3. 

See Steam-engine boilers. 

and Walt's tine for heating slentn-engine boilers, 22W. 
ica applies steam to impress a revolving motion, 18, 193. 
improTement in using one crank to tiro engines, liB. 
lUe^ pneumatic pump a substitute for the fiy-whcel, 144. Remarks 
in it, 146, 274.^ 

michael, Me«m, their steam-engine, 2rS, 
td aod Co.'s steam-engine, 275. 

paraUel mo^on invented by, 167. 
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Caus, (Salomon de,) on hydrostatics and pneumatics, 16. 

Cawley and Newcomen's atmospheric steam-engine, 40. Improvements o^^ " 
Savery^s engine, 48. 

Chasewater engine, the master^Hece of Smeaton, 55. 

Chimney and flues, the area of the, for steam-boilers, 268. The diamete^'^ 
in proportion to the area of the grate, 269. 

Coal, the consumption of, in one of Watfb engines, 270. Quantity of steans^^ 
produced by a given weight of, 271, 

Cold -well, representation of the, 76, 184. 

Condensation, Wattes method of dry, 186» 

Condenser, or refrigerator of Watt, the characteristic member of the m6- ^ 
dem steam-engine, 67, 71. 

Condensing apparatus, 182. 

Condensing steam-engine invented by Captain Thomas Savery, 26. De- 
scription of, 31, 35. 

Conical valves, 105, 124 ; often defective, 124. 

Connecting rod and parallel motion, definition of the connecting rod, 159. 
Uses of, 160. Watt% 161. Species o^ first adopted in America, 166. 
Cartwright's, 167. White's, 168. Russell's, 169. Oldham's improve 
ment of, 171. 

Copper, one of the best materials for steam-engine boilers^ 237. Experi- 
ments on the strength of, by the Franklin Institute, 242. 

Cornish steam-engine, 211, 271. 

Cornwall steeim-engine boiler, 230, 271. Saving of fuel by, 272. 

Cotton mills and machinery of manufactories first impelled by Savery's 
condensing steam-engine, 38. 

Crank (The), a most important appendage of the steam-engine, 91, 141. 
As an elementary machine in use from the earliest times, 142. A defi- 
nition of, 142. The fly-wheel improves the action of, 143. Its action 
investigated, 147, 200, 212. Enmel's application of the, 158. 

Cycloidal parallel motion invented by James White, 168* 

Delivering valve, 185. 

Desaguliers' account of Savery's invention of the condensing steam-engine, 

27. Experiments on steam, 28. Account of Newcomen's engine, 48. 

On the steam-engine as it existed in his time, 53. Steam-boiler, 221. 
Discoveries in the properties of steam, the progress of the, 1. 
Durham and Newcastle coal fields have the rudest, most antiquated, and 

worst tended engines. The reason why, 59. 

Dynamometer (The) to measure the force of steam, 260. 

4 
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Ecevntric, 139. Substitutafor, 134, U0.383, 

Eduction pipe, 76, BO, 94. 

KgyptisHs used Keom in the service of superstitinn. 13. 

Egyptian science, knowledge of aleam in earlier agofl of, I. 

Enjineers, Transaction* of Civil, on slenm-enginc boilers, 22(1. 

Equaliiing motion, the fiy-wheel, 143. Buckles' pneumatic pump, 14J. 

Remnrfca on It, 146.274. 
Equilibrium valve, 81, 138. 
Etherial matter, example* of, 3. 
Evans (Oliver) constructs the high- pressure steam-engine, 101. .Americans 

have adopted his forms and arrangements, 10). llis ::hEmcler, 101. 

Ilis BtOim-engine boiler, 327. 
Eiemplars of solid, liquid, aerial, and elherial matter, 3. 
Expansive use of steum, 85, 248, 271. Weakened b}' fiiU of teroperatute, 

88. 
ExploHOns of boilers, 104, 240. 218, 34,1. 

Fairbuim's steam-engine, 281. 

Farcy's account of Smeaton's experiments on sleara-enginea, 55. And of 

a ha;-itacti form of boiler, 331. 
Fine, Bolton und Watt's, far heating steam-engine boilers, 229. The arm 

of the chimney used for steam-engine boilen, 268, 
Flj, 90, 1*3, see Wheel 
Fool valve, 184. 
Franklin Institute, salelj-valvB of, 107. On the structure, phenomena, and 

explosjons of steam-engine boila™, 239. Eiperimaits on the strength of 

copper, 343. Ani on iron, 344. 
French Academj lafetj'-rHlve, 107. 

Fuel, economy of, 270. Quantity of steam produced by a pven weight of 
Saving of, by the Comvall gteam-engine boiler, 273. - 

Gauge*, description of three kinds of, 253. 

Governor, an appendage to a steam-engine of much valtle in all ila appli- 
ins to unifDrm revolving motion, 179. Defects of, 181. Imptove- 
ttof, 1S2. llick'ssubstilutefor, 182. 
'Crating, the area of, for sleam-en^ne boilers, 268. Should be in propor- 

^on to the diameter of the chimney, 36B. 
Guericke's illustration uf rising nater and weights by a vacuum, luid the 
pressure of the atmosphere, 42, 43. Jlelal piston, 174. 
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Hsf-stack form of steun-engiTic boilers, 223, 231. 

Heat, the condition of matter changed by, 4. 

Hera, hie Pneumatics and Steam Mauhinerj one of the eailieat epecimetm 
of the art of printing, 2. That ancieat treatiBe conlaina same pasagee 
agreeing with modern viewB, 6. On the properties of air for communi- 
cating presnre and motion, and upon the nature andetfeetn of a locuum. 
7. His mode of raising water by a vacuum, 7. , His theory of winds, H. 
lUuattatca the converaon of hquida into air or goBea, B. His eiperi- 
mentB in steam, 9. Used Mb knowledge of oteiun in assisting the priest- 
hood to deceive the populace, 1 D. Eiplanntion cif this, 1 2. The print- 
ing of his works rekindled the Same of mcehaaicul invantion. 14. Dif- 
ferent translations of them previous to the year \hS'2, )4. Adopted tlie 
globular shape for steam-engino hoilera, 221. 

Hick's Buhstitute for the governor, 1S2. 

High-preamire steam-engine, WoicBslor's spedfiration of, 22. Modem, 115, 
275, 2B0. 

High-pressure Bud low-pressure stcam-en^nes, the chsiacteristics of each, 
100. Their constituent parts, 102. The non-condensing engine the 
same as high-pressure, 100. Lenpold's applicotion of, to raising WMghlo, 
112. 

History of the steam-engine in the era of the ancients, 3 ; the era of Wor. 
cester, 1 9 i and the era of Watt, 58. 

Jlotie-power, the quantity of water and steam assigned tor each in a boiler, 
370. 

Hydrostatics, exposition of the principles of, by Caus, 16. ^h 

Indices nf pressure tn steam-en^e boilers, 260. ^^M 

Injection-coel^ 51, SB, improvement by Smealon,SB. ^H 

Injection-pipe, description and rcpresentatiou of the, 135. 
Iron steam-engine boilers, compared with those uf cupper, 237, 239. Ei- 
peiimenta on difl'erent kinds, 247. Rapid decay of, 351. 

Kalloff, an ominenl artificer, long employed by Woreeater, 21. 
Keir's steam lathes, and engine at his otanu&ctoiy, 33. 

Leupold's (Jacoli) application of steam to raising weights, 1 1 3, Analo- 
gous to the modem sleatrtengine of high-pressure, I IS, 
Lever safety valve, 106, question regarding, 2-iS, 
Liquid matter, exemplars of, 3i 
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Plato's apeculMuina on Sre and nater, air and earth, in accordance wilh 

some modem views, t. 
Pneumadcfl, Hero^ anuieat treatise on, was one of the earliest specimen* 

of the art of printing, 2^ 14. It eontoina Bomo paasagea in accordance 

with modern views, G. ExpoeitJan of, by Salomon de Caus, 16. 
Portable fire-engines, for drawing water trom temporary ejcavatiDns, 

■hatU, quarries, Ac, by Smeaton, 55. 
Porta"* experinienls in the production of steam, U. 
Potter, (II.] a boy, hia improvement of the steam-engine, 49. 
Prcsmire and motion, Hero on air oa a medium for communicatiiig, 7. 
PresBiuBof Bleam, mode of reckoning, 103, 111. Indices ol 

gine boilera, 260. 
Priosta used steam in deceiving the popuiace, 10. 
Printing soon difiused the knowledge of mechanios, 2, 14. 
Progresi of discoveries in the properties and power of ateam 

Re&igerstor, or condensing apparatus, by Watt, 67, 71. Illuatialion « 

73. Economy of, 74, 182. 
Rigley's application of Savery^ engine to the earliest cotton-milU and ai 

nu&ctories, 30. 
Rivets woakeu steam-engine boilers, 247. 
Rohison on Walt's engine, f!4— 83. 
Rodelles Fusihltfl, the fallacy of the, in stcarn'hoilerB exposed by t3 

Franklia Institute, 283. A remedy proposed, 2G4. 
Romans, the, did not improve steam apparatus, 14. 
Rotatory steam-engines, 166. Hitherto fiu lures, IBB. Five clanesof, 191. 

An account of one, by Hero, 120 years before the Christian era, 191. 

Yule's, 285. 
Rotatory motion. Watt's experiments on, 92, The l>e9t procured by the 

reciprocating en^neand crank, 167. Results in seeking hitherto, for 

any other, IHB. 
Russell's parallel motion, 169. 

Safety-valve, 104. Of French Academy and Franklin Institute, 107 
SouthernX 107. Various others, IDS. Question regarding lever, 249. 
Seo Valv& 

Savery's condensng steam-engine, for raidng water and generating a re- 
volving motion, 36. Applied by Rigley, at Manchester, to the eailicM 
ootton-milla and manxlfectoriea, 38, Improved by Newcomen 
ley, 40. Globular boiler, 22t. 
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'legiilatiDg apparataa Air feeding ateam boilen, 25-1. Macdowail'i, 2£7. 
in"! improvemenl of the atmospheric rteam^ngme, 54. Hii tfui- 
dard engine at Long BcnlooCoIlierj in 1772,54. Portable fire-enginti for 
dnwing water&omleinpoiBrYe[ciiiatiua>,ahsfU,qiiames,iic.,fi5. liii 
Cbaaewaeei engme, S3. Improiempnt of the injection-cock, 58. Steam- 
enjine boilen, 930. 

Solid matter, exemplftn of^ 3. 

Sautliem's BafBty-vnl^e, 1 (J7. 

Steam, progress of diBvaveriea in, I. Known in the earlier ige* otE^f- 
tian science, the lues of it in Greece — ntglecteJ till after the invention 
of printing — the work of Hem, on pnetimatici andttcsm nuchinerf, one 
of the earliest specimens nf the itrt of printing — the dow, regular, owl 
progreeove adToncemenluC nnce, 3. Now known to be only one of the 
common airs or gaset, 3. DeRnilion of, 5. The ipecific term eqiuTslent 
to the woid ate genemlly lued bj the ancienia — better kouirn to the 
sneientii than haa been gcnetallj admilied, 5. Aj the mean* uf pro- 
ducing a vacuum, ohlairu much of its «slue, 8. Hero'i cipcrjmenti in, 
S. Used bj the ancient priesthood in deceiving the populace, lU. 
Applied' bj the Egi'ptiansin theienice of nipentition, 13. Apparatus 
not improved br the RomAos, 14. Povts's eiperiments on, 14. Appli- 
catioD of, by Branca, to imprtaa a revolving motion, 18, 192. Beig^ 
tAn^ and Dessgulien' eatimate of the comparative dciuilj of water and, 
G3. Watt's estimate, 64. Watt's method of producing, by beat fruin 
water, and water &om it by cooling, arkd iUostratioiu at, 7'2. Eeomimy 
oC 74. Walt's method of preventing the waste iC, 83. Method of rev- 
kmiiDg the force of high prature Of, 1 03. Amounl of the preanuc pro- 
duced bj, 104. Application of hi^ prtsiure of, (o raiung weighli^ by 
Jacob Leupold, 1 1 2. Dynamometer to measure the force of. in a boiler, 
360. A bod conductor of heat, 269. A large man of water regulates 
tJie prodnctiun of^ 269. Qoantity o(^ assigned to each hurae power, 370. 
QuaQlity at, produced by a given wei)^l of coal, 371. 
Mam-engine, the history of the, 3. la the era of the andeniK, 3 ; the era 
of Worcester, 19 1 and the era of Wait, 5S. The propertio of air lor 
Eommnnicating prenure and motion, and the nature of a vacuum should 
he studied by all who would master the theory of the, 7. The lirat in- 
vented and conilmcteil by the Mait|uis of Worcester, 1 9. WoTcester^ 
of two-horae power, 20. Wovcesto'^ specilicstion of lu^preBiure, 22. 
Savetj'sinventianof thecondenao^ac. Improvement of the. by New- 
camen, 48. By Potter, 49. Rendered selfacting by Newcomen, Pot- 
Ut, attd Bagfai«a, 48. NewcocncnV deacnbed, 50. 
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performance ofSmealon'i standanl at Long Benton, 54. SmwtosVjwr- 
table, for drawing water from temporaTy excnvationa. ahafti, qiiBJTiai, Si.i:„ 
55. The worat ore thuse nf Durlmm coaI-£etds, and itround Newcastle, 
the reason, 59. In (he liands of Watt, became wholl)' a iteam-tngine. 
59, Smeaton^B Chuaewnter engiae, fifi. Watt^B eajly esperiments and 
improvementa of the, SO. WattV method of cconomuiag steam and 
fuel in, 70. Watfa firal, 74. Watt's, firal used ns a aubatitute for New- 
cornea's in pumping water, 71. Watt's oxpumve engine. 85, and 
Theory of it, 8G. Watt's method of applying to any machine of the 
rotatory kind, SO, Walfa rotatory, 91. Watfa esperimenta on the ro- 
tatory motiona of the, 92. Watt's double, applied to rotatory motion. 
95. Albion Mill engines, 95. Has received no very valuable improre- 
ment since Watt's time, 99. High-prasure generally used for locomo- 
ttve carriagei, light and rapid Bteain-v««els, 100. Low-presauie more 
complei, but more effective ; more eipensiTe in original conatruction, 
more durable, and more economical iu iiial, lOU. Condensing and non- 
condenang, 100. High-pressure. 1 03, 115,275. The modem high-pres- 
sure in many respects otuilogous to Lenpold's application ofhigh-pKB- 
sure steam to raising neighta, 115. Use of the crank in, 92, 143 : of 
the governor, 181. Different parts ot, shown separately, 378. 
Steam-engine trailers, the best construclion ot, a subject of very different 
and even opposite opiniona ; the art of constructing, in its infeney, 219, 
Tl]e investigation of the subject of, by the Franltlin Institute, 220. Aim- 
strong's treatise on, 320. Wood and Pambour on railway locomotive, 
330. Transactions of Civil Engineers relative to, 230. The globular, 
or apberical shape, early adopted by Ilero, Savery, aad others, 331. 
The first steps towards improving, 331. Desagulieis' form of, 231. The 
cylindrical form of, 233. Improvementa on that fbrm, 3*23. Newco- 
men's, 224. Wntf^ waggon boiler, 334. The American boiler, intro- 
duced by Evans, 227. Economy of apace of Ihp tubular-flued, 229. 
Smeaton's, 230, The hay stack fbrm, 223. The materials in use for, 
236. Copper one of the best, 237. tlektive value of materials for, 237. 
Investigations of the structure, phenomona, and explosions of, by the 
Franklin Institute, 239, Experiments on copper and iron for. 24'2. 
Relative strength of these, 350. Weakened by riveting, 347. Ra^iid 
decay of iron for, 351. Various contnvances for rendering automatic. 
254. A self-regulating fefding apparatus for, 2S4. MacdownllV appa- 
ratu^for this, 257. The fallacy of the nddla fiuibla exposed by Iho 
Krankiiu Institute, 3B3. Proposed rcmudyfor, 364. 

■on alarm, 265. Proportiona oi; 266. The a 
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grating finr, 268. The quantity of water which should be used in a, 269. 
A large fiiass of water regulates the production of steam in, 269. The 
economy of fuel for, 270. Parkes* experiments in the statistics of^ 271 . 
Table of these at end of volume. 

Steam whistle, 265. 

Stuart, (Robert) proves that the Marquis of Worcester was the inventor of 
the first steam-engine, 20. Brings to light ** A Diary of Cosmo de Me- 
dici, who visited England about the year 1656,^ in which he gives an ac- 
count of the engine invented by Worcester, which he had seen in opera- 
tion at Vauxhall, 25. 

Stuffing-box in connection with the piston, 67, 178. 

Sun and planet wheels, 90, 96. 

Superstitions of the Egyptians aided by knowledge of steam, 13. 

Switser^s account of the invention of Savery^ steam-engine, 29 ; of New- 
comen% 48. 

Tubukuvflued steam-engine boilers, economy of, 229, 233. 
Tuscany, the Grand Duke o^ his diary, describing the engine invented by 
Worcester, 25. 

Vacuum, the means of producing a ; steam obtains much of its value as a 
mechanical power, from a, 7 ; the mode of raising water by a, 8. De- 
scribed by Hero, 8. The nature and effects of a, should ~be studied by 
all who would master the theory of the steam-engine, 8. The use o^ a 
distinguishing feature of Savery's engine, 26. Guericke's illustration of 
it, and the pressure of the atmosphere, 42. Apparatus for raising weights 
by means of a, 43. 

Valves, 116. Worked by the engine itself, 53, 117, 132. Murdochla, 122. 
Watfis, 124. Murdoch's improvement of Watt's, 127. Crown or equi- 
librium, 128. Melling's method of working, 134. See Safety valve. 

Vauxhall, the first place where a steam-engine was erected, 25. 

Water, the raising of, by a vacuum and the pressure of the atmosphere, by 
Quericke, 42. The waste of, in the production of steam, 64. Density 
of^ as compared with steam, 64. Watt's method of producing steam by 
heat from, and water from steam by cooling, 72. Economy of, 74. How 
much should be used in a boiler, 269. A large mass o^ regulates the 
production of steam, 269. 

Water gauges, 252. 

Watfa estimate of the comparative density of water and steam, 64. His- 
tory of the era before his time ; the steam, or atmospheric engine a more 
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comIj pover than bones, except wbere fuel iraa eitremelj cheap, 58. 
Turned (be Kale of npenie, 59. In hu hiuida the almoipkaie enpne 
becnma whoUj n attarn-enpae, S.I, HU enrljr ciperiment* acd improye- 
menti of Ihe sleiua-engiae, tiO. Obtained in 1763 letteiB-patent ftr hi» 
" MethiHts of lenraing the Cnnmunption of Steam, and eonieigtieiitl}' 
Kuel, in Steom-Engiaei,'' £9. Hia condenBa or refrigeFBtor, the charac- 
teriMic monber of the modeni iteam-engine, 67. 71. Method oF prodn- 
dug •tetuD bj heat fiwa wsler, and initer from steam bjr cooling, 73. Ha 
first engines, 74. His engine Gist used as a substitnW for NewcOBien'^ 
in pumping water, 7S. Method of economiaing steam, 83. BxpmimTe 
ei^ne, 85. His theorj of il, 86. Method of applying bis engine to 
■nf machine of the rotutoiy kind, 90. Ratatorj steam-en^ne, 91. Ex- 
perimenls in lolalary motioas, 92. Double engine applied to rMotoiy 
TDotians, and adnintages of, 9o. Scarcely any very Taluable impront- 
ment in iteam-engineB since b^ time, and Parev's lestimonj to this but, 
99. His valre, 1'24. Murdoch's improyemenl of, 127. PHrallel motiaa 
or parallel guides, ISI. Method of dry condeDsation, 186. Waggon 
steam-engine boiler, 3*24. The consumption of coul by one of his en- 
gines, 270. 

Wedge metallic piston, 1 77. 

Weigfati, apparatus for raising, by a rocuum, 43. For equalizing the 
motion of El4!Bni-nigines, Il6, '274. 

Wheel, (Fly) uses of, in the steam-engine, 90, 143. loiprovM the at 
of the crank, 144. Bockle^ substiCnte for the, U4, 274. 

White's cydwdal parallel molion, 168. 

Wmds, Hero^ theory of, 8. 

Wood on raitVB]' locomodre steam-engine boilers, 220. 

Worcester, (the Marquis of) invented and constructed the first steaii 
gine, 19. His ebaiacter, geniaa,Bnd miifortunes, 19. His title to the in- 
vention of the steam-engine disputed, but established by Rotac^ Stuart, 
20. His steam-engine of two hone power, 20, PubtishHi his " Century 
of Intentions," &g., 20. Employed the most eminent artiScen of hit 
time, 21. His specification of the high-pressure sleam-engjne, 23. Grand 
Duke of Tuscany's account of the Bteam-engine invented by, and » 
the Duke had seen in operation at Vauiholl, 25. 

Tule^ rotatory engine, 205. 
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